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2ABSTRACT.
This study was carried out to determine whether this
particular type of ultrasound produces a change in the
rating of warmth and heat stimuli. Approval was obtained
from the Ethical Committee of the Chinese University
before commencement of the study. Forty-three healthy
male volunteers, between 20- 26 years of age
participated in two experiments. It was ensured that the
subjects had no contraindications to the study.
Three training sessions were held on separate days
preceding the first experiment. Stimuli at four
temperature levels, 42.5, 44.5, 46.5 and 48°C were given
at random to the extensor aspect of the subject's
forearms (but avoiding the areas designated for the
experiment) so that he would be familiar with rating
according to a 7- point scale consisting of 7
categories. Similar training was given for determining
the temperature of heat-pain threshold in the second
experiment. Criteria for participation in either
experiment were the subject's consistency in specifying
the stimuli applied and a well-balanced psychological
disposition.
3Each subject rated the eight randomised stimuli (2 at
each of the four temperature levels) after insonation
with 3 MHz. pulsed ultrasound of mark-space ratio 1: 4,
at 0.5 W/cm2 for 5 minutes over the designated area of 18
cm2 on the extensor aspect of the forearm. Insonation was
by the direct-contact method through Sonogel couplant,
whilst the other arm was similarly mock-insonated.
Subjects were unaware whether they were receiving
therapeutic ultrasound or sham (mock) ultrasound. At
this low, pulsed intensity, it was highly improbable that
they could feel the acoustic energy. In an earlier pilot
study, none of the subjects was positive whether he had
been truly. or mock-insonated. This finding was confirmed
in the present study. The ratings. by each subject of the
heat stimuli after true and sham ultrasound were compared
at each of the four temperature levels. In this cross-
over design experiment, these ratings were also compared
to the ratings obtained from baseline non-insonated
controls. An interval of 4- 7 days separated the
experiment from,the baseline controls.
In the second experiment, heat-pain thresholds were
determined in 20 subjects (including 7 participants from
the first experiment) after ultrasound and mock-
insonation. Each subject was required to specify his
heat-pain threshold of a stimulus with baseline of 42°C
4for 12 seconds, which was followed by a ramp to 48°C.
Non-insonated control pain-thresholds were measured
within 4- 7 days of this experiment.
The results indicated with high significance (p 0.01
for all the 4 temperature levels, Wilcoxon Matched-pairs
Signed-ranks Test) reduced sensitivity in the rating of
warmth and nociceptive heat stimuli only after
ultrasound. Of the 30 subjects, 20 had rated `7'(the
highest point of the scale) at the 480C level.' Paired-
samples t-test showed the duration of heat-pain tolerance
was increased significantly (p =0.024, dF =19) after
ultrasound when compared to the mock-insonation.
More significant results (p= 0.001) were obtained using
the Sign Test with the 30 subjects' data. Therefore, the
results indicated that 3 MHz pulsed ultrasound of the
stated parameters reduced the sensitivity of the skin to
thermal stimuli.
5SUMMARY.
This study was carried out to assess the effects, of low-
intensity, therapeutic pulsed ultrasound on warmth and
heat-nociceptive perception in young, healthy, male
adults. The use of thermal stimuli in controlled studies
(Hardy, Wolff and Goodell, 1952b Kenshalo, Decker and
Hamilton, 1967 Croze, Duclaux and Russek, 1977)
had produced better understanding of sensory perception.
In fact, the testing of various types of experimentally
produced stimuli on the skin, under different conditions
have been intensively studied and documented at least
since the middle of the nineteenth century. Of the many
types of heat stimuli employed in such studies, radiant
heat used by Hardy, Wolff and Goodell (1940) and
conductive heat are still popular tools in algesimetry.
Some methods of assessing heat and nociception are
presented in the Literature Review of this study.
As far as therapeutic ultrasound is concerned, with the
exception of one documented study (Lehmann, Brunner and
Stow, 1958), the use of warmth and heat stimuli ratings
do not seem to have been employed to test the immediate
pain-reducing effects of insonation. There is no doubt
that some degree of pain-relief occurs after ultrasound,
application as has been observed clinically. However,
6the clinical trials which included the assessment of
pain-reduction have used different measuring methods.
These extend from the recording of ambiguous feelings of
the subject to more objective methods, such as the visual
analogue scale or a well-defined verbal rating scale.
Furthermore, findings in clinical trials were often
complicated,by the inclusion of other modalities into the
methodology. Therefore, other effects of ultrasound were
assessed much more than the pain-reducing effect. Some
of these trials involving ultrasound are briefly surveyed
in the Literature Review section of this study. The
Review shows that with the exception of Lehmann et al.
(1958), there is no record of ultrasound -involved
clinical algesimetry trials using heat stimuli.
Rather than having patients as subjects, a preferable
alternative was a well designed protocol involving normal
subjects. The latter could better accept the
necessarily lengthy period of time required in order to
rate the stimuli according to a 7- point category scale.
These were set randomly at one of the four temperature
levels (42.5, 44.5, 46.5 and 48.0°C). Moreover, prior to
informed consent, each volunteer was briefed about the
experimental procedure. Three training sessions were
held for the subject to become familiar with rating
accurately the perception of each stimulus. A well-
7balanced psychological disposition, being healthy and a
high lever of consistency in rating the stimuli were the
criteria for entry into the study. It was essential that
subjective judgements -be. rendered as reliable and
reproducible as possible. These requirements were
adequately met by the voluntary participants who were
mainly tertiary education students, aged between 20- 26
years and eager to take part in the study.
The experimental algesimetry.in this study involved 30
participants in the first experiment having to rate 8
randomised heat stimuli of. four temperature levels,
delivered by a stimulator head or probe, placed in
contact with the skin .for up to 12 seconds. However,
when a subject rated 17' on the 7- point category scale
employed for measuring heat perception, the stimulus was
terminated. There were two stimuli at each of the four
temperature levels. The temperature of the individual
stimulus was programmed by the controller (Eurotherm,
808) which featured an immediate feedback circuit from
the probe. Additionally, a flat thermistor is securely
glued into a groove on the active face of the probe.
Each of the measurements of the thermistor at the
interface with the skin was read from the telethermometer
(Yellow Springs) and simultaneously recorded oh a chart,
recorder (Graphtec, Miniwriter).
8The ultrasound used was of 3 MHz frequency, at 0.5 W/cm2
intensity, pulsed at 2 ms `on' and 8 ms `off' for 5
minutes duration to a defined area of 18 cm2 on the
extensor aspect of the forearm where the cutaneous supply
is by the posterior branch of the Radial Nerve. A direct
contact method through a transmissivity gel was used.
For purposes of comparison, the corresponding area of the
other forearm was also mock insonated. The allocation of
true or sham ultrasound to the right or left forearm,
performed one after the other, was according to the
random table. In this single-blind, cross-over design
experiment, subjects rated the set of-8 stimuli to. each
forearm on two occasions. In the first session, the
ratings were carried out after both ultrasound and sham
(mock)- insonation whilst in the second, ratings were
taken from non-insonated baseline controls or vice versa.
For the second experiment, the criteria for entry into
the protocol and the methodology were in many respects
similar to those of the first experiment. Instead of
the subject having-to rate thermal stimuli, his heat-pain
threshold was determined. Of the 20 volunteers who
participated in this experiment, 7 had already been
involved in the first experiment earlier. The training
sessions provided the subject with opportunities to,
estimate accurately the heat-pain threshold. A base
9temperature of 420C for 12 seconds to the designated area
of the forearm was followed immediately by a ramp to 480C
The subject pressed the Graphtec Miniwriter's remote
marker at the point of onset of heat-pain during the
ramp. The findings of this second single blind, cross-
over design experiment enabled- comparisons to be made
with those from the earlier experiment.
The Wilcoxon Matched-pairs Signed-ranks Test was used to
compare the differences in ratings between ultrasound and
sham- insonated tissues at the four temperature levels.
Results of the first experiment showed with high
significance (p 0.01) that for all the four temperature
levels, there was a reduction in sensitivity in rating
heat and nociceptive heat stimuli after true ultrasound
applications. The results of the non-insonated control's
and sham application's ratings showed no significant
difference (p 0.05 in all instances, Sign Test) between
them, thus, not rejecting the Null Hypothesis.
As for the heat-pain tolerance, 10 out of the 30
subjects, following ultrasound, had each rated at least
one of the two 48.0°C stimuli as less than `7'.
Of the findings of the 20 subjects (N= 20) available for
analysis using the paired-samples t-test, the results
showed. the duration of heat-pain tolerance was
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significantly longer (p= 0.024, dF= 19) when compared
with the sham ultrasound or the non-insonated controls (p
= 0.014, dF= 19) respectively. More significant results
were obtained using the Sign Test on all the data from
the 30 subjects. However, as for the temperature levels
of the heat pain-thresholds, they were higher but not
significant (p= 1.0, Wilcoxon Test) after the
ultrasound than following the sham insonation.
Nevertheless, these results indicate that 0.5 W/cmz
intensity of 3 MHz pulsed ultrasound has an immediate
though mild desensitizing and pain-reducing effect on the
response of insonated skin to heat and nociceptive heat
stimuli. The findings also indicated that sham
ultrasound did not cause an effect similar to that
brought about by ultrasound. Besides, there was no
significant difference in the results of stimuli ratings
between the mock-insonated and the non-insonated controls
at each of the four temperature levels. Therefore, low-
intensity therapeutic pulsed ultrasound appears to have a
direct effect on cutaneous sensitivity to warmth and heat
nociception which may directly bring about a reduction in
pain induced by heat.
1SECTION 1.
1.0. INTRODUCTION.
Major aspects of this study include a literature review,
the methodology of two experiments with their results and
the conclusion which includes some recommendations which
could be applicable to clinical practice. The review of
the literature covers the areas of algesimetric heat and
nociceptive heat stimuli studies, research and studies of
the effects of the commonly used physical agent,
therapeutic ultrasound and the transduction, transmission
and processing of heat and nociceptive stimuli. The
experiments were designed following the findings of a
pilot study. This in turn was initially prompted by the
lack of basic tests in the pain-relieving effects of
therapeutic ultrasound although many of its other aspects
have been researched into. Approval was given by the
Ethical Committee of the Chinese University of Hong Kong
with regard to the two experiments.
1.1. Purpose of study.
1.1.1. The problem of quantification of pain-relief.
Since the latter part of the last century, there have
2been some documented studies on experimentally evoked
thermal sensations (Hardy et al., 1940). These studies
and especially those concerned with the determination of
thermal pain thresholds have contributed not only towards
better understanding of this sensory modality but also as
one of the bases for simulating clinical pain.
In the investigations related to clinical pain control,
various methods of experimentally induced nociception
have been employed. These included mechanical stimuli
such as squeezing of the skin( Handwerker, 1983), and
the tourniquet method (Lewis, Pickering and Rothschild,
1931 Smith, Egbert, Markonitz, Mosteller and Beecher,
1966 Smith, Lowenstein and Beecher, 1968). Others, such
as Armstrong,. Dry, Keele and Markham (1951) used
chemicals on the skin which caused blister sores and
Hardy, Goodell and Wolff (1951) utilised a variety of
thermal stimuli in their studies. Subsequently, there
were many studies, (Hall, 1955 Kenshalo, Decker and
Hamilton, 1967 Matchet-Pietropaoli and Chery-Croze,
1979 Pertovaara and Kojo, 1985 Kojo and Pertovaara,
1987) incorporating numerous types of heat stimuli. This
study attempted to address the problem of quantifying the
pain-relieving or analgesic effect of therapeutic pulsed
ultrasound with psychophysical investigations of
cutaneous heat perception.
31.1.2. Experimental algesimetry for measuring pain in
healthy subjects.
In this area of investigation, a range of limitations
must be considered when designing the experimental
methodology and interpretating the results. Fortunately,
many types of device have been introduced for producing
thermal stimuli quickly, accurately and relatively
safely. Heat stimuli above the warmth range and heat
pain have commonly been used in experimental algesimetry.
Although the subject's reaction to- experimental pain is
not as great as it is to pain of pathological origin,
nonetheless, the former has. some of the reaction
components of pathological pain (Beecher,, ..1956,, 1957,
1968). Despite the limitations of experimental. pain, it
provides a. useful means. of investigating analgesic
effects which may not be feasible with patients.
Moreover, almost all healthy individuals would be
familiar with at least some aspects of heat perception
from everyday experience. With prior training, the
subjects involved in properly controlled studies of this
nature, should not be unduly affected, psychologically or
emotionally by the experimental procedure. This may well
be impossible to expect from patients, who are already
suffering in some degree of pain.
41.1.3. Heat perception and heat-pain thresholds.
This study investigated the subjective ratings of warmth
and noxious heat stimuli, each of which was up to 12.
seconds in duration, to the extensor aspect of the
forearms in young, male adults. These stimuli at the
relatively high temperatures of 42.50C, 44.5°C, 46.5°C
and 480C were chosen to exclude provoking the majority of
the sensitive warm receptors. A possible contribution of
the latter to the perception of these thermal stimuli was
minimised since the temperatures involved were beyond the
optimum firing range of warm receptors (Gybels,
Handwerker and Van Hees, ,1979) By employing these
higher temperature stimuli, the cutaneous receptors which
respond to heat near and within the nociceptive range
were the targets. The response thresholds of most heat
sensitive nociceptors lie primarily between 41 and 51°C
(Robinson, LaMotte, Thalhammer and Torebjork, 1982
Robinson, Torebjork and LaMotte, 1983).
The reason for restricting the population to 20- 30 year
old males was to reduce the physiological variables.
Degenerative changes in the skin leading to decreased
elasticity and sensitivity should not be evident in this
age group (Winklemann, 1965 Wright, 1971 Kenshalo,.
1986). With all the subjects being of the same sex., this
5facilitated the analysis of results. The problem that
this group of healthy subjects may be greatly influenced
by emotion during an experiment was unlikely to occur,
whereas, with patients, the problem may well arise
(Merskey, 1974). It was also highly probable that these
healthy subjects were not taking any kind of medication.
Analgesics, for example, may raise thresholds (Woodforde
and Merskey, 1972) and thus, complicate the
interpretation of the findings.
Heat-pain threshold measurements were undertaken in the
second experiment to examine if there were differences
from those obtained by Lehmann et al. (1958). His
investigations revealed much higher heat-pain thresholds
than those observed by others (Neisser, 1959 Croze and
Duclaux, 1978 Meyer and Campbell, 1981). Comparisons of
the subjective ratings, the heat-pain' tolerance and
thresholds after application of low intensity pulsed
ultrasound were made with those obtained after sham
ultrasound and baseline non-insonated controls to the
same area of the skin. The placebo effect of pulsed
ultrasound was tested by administering mock ultrasound
using the same methodology but on the opposite forearm.
Subjects were blind to both the pulsed ultrasound
trials and the sham applications in both experiments.
Ratings from baseline controls were carried out from the
6designated area of skin 4- 7 days before or after the
ultrasound and mock-ultrasound session.
1.1.4. Assessing the pain-relieving effect of pulsed
ultrasound.
Pulsed ultrasound has many effects on insonated tissues.
Pain reduction is 'observed clinically as one of the
effects. The most commonly used frequencies range
between 0.75 and 3 Mz. For very superficial lesions, 3
.MHz is preferred as the attenuation of the ultrasonic
beam to half its acoustic energy value (D1/2) takes place
at about 4 mm for skin, 3 mm for muscle and 16.5 mm for
adipose tissue '(Hoogland, 1986). As the insonated part
comprises several types of tissues, each with its own
half-value depth or distance according to its absorption
coefficient, D1/2 is within the range of these values.
See Appendix (viii). In comparison, the half- value
distance for 1 MHz ultrasound is approximately 11.1 mm
for the skin. The amount of acoustic energy absorbed by
the skin would be less than that for a 3 MHz beam. Hence,
the reason for selecting the 3 MHz frequency. The mode
of delivery of the ultrasonic waves is either continuous
or in pulses. The intensity of the ultrasound propagated
is measured in W/cm2. Therapeutic intensities of ultra-
sound are in the approximate range of 0.25 to 3.0 W/cm2.
7Some therapists, (Lehman and Johnston, 1958 Madsen and
Gersten, 1961 Kramer 1984, 1985), mainly in North
America believe that the biological effects of ultrasound
were dependent mainly, though not exclusively, -on' the
ultrasound-induced heating mechanism. Others, (Moore and
Coakley, 1977 Dyson, 1982 1985 1987 Fyfe and Chahl,
1982) considered other beneficial non-thermal effects of
ultrasound especially at low intensities. Furthermore,
by pulsing a low intensity ultrasonic beam such as of
0.5 W/cm2, therapeutically effective non-thermal
mechanisms including the .mechanical ones are achieved
towards a reduction in pain and acceleration of tissue
repair, (Dyson, 1987) without also causing a concurrent
physiologicallly significant rise in tissue temperature.
The non-thermal or mechanical mechanisms include acoustic
streaming, micromassage and cavitation induced by the
physical properties of the ultrasonic waves. Moreover,
at 0.5 W/cm2 intensity and pulsed,. many subjects cannot
tell the difference between the real and the sham
application. This was the finding in the initial pilot
study, when not even one out of 16 applications could be
stated definitely by the subjects to be the real or sham
application. Confirmation of this finding was evident in
the two experiments.
8Although research in the field of therapeutic ultrasound
has been steadily increasing, minimal. work has been
directed to the testing of any cutaneous perceptual
changes which could have resulted from the application of
ultrasound. So far,' there appears to be only one
documented study on heat pain threshold measurements
following the application of continuous ultrasound
(Lehmann et al., 1958). Their findings were in support
of the thermal effect of continuous ultrasound as the
means for the higher heat-pain thresholds obtained.
However, there have been studies (Anderson, Wakim,
Herrick, Bennett and Krusen, 1951 Halle, Scoville and
Greathouse, 1981 Kramer, 1985 Griffin and Kennedy,
1987) on the effects of ultrasound applied over
peripheral nerves which affected their respective action
potentials and conduction velocities. These neural
changes have been frequently linked with the observation
of reduced pain, as is evident clinically, in the
treatment of numerous conditions.
Explanation for these changes, according to Lehmann et
al.(1958), was due to the varying sensitivity of
peripheral nerves to the heating effects of continuous
ultrasound which caused a rise in temperature within the
nerve. However, controlled heat stimuli ratings were not
evident as part of those experiments. It is therefore
9essential to examine some of the effects of pulsed
ultrasound, whereby the heating component is far less
than in the continuous mode. The application of 3 MHz
ultrasound at 0.5 W/cm2 intensity, pulsed 2 ms `on' and
8 ms `off', and provided a subject experienced a higher
threshold to heat-pain and heat-pain tolerance, may
indicate that the analgesic effect could, at least
partially, be brought about by mechanisms other than the
resultant thermal effect of ultrasound. The experimental
hypotheses for these investigations were the initial
three objectives of the study, which follows.
1.2. The objectives of the study..
1.2.1. To determine whether low intensity (0.5 W/cm2)
3 MHz pulsed ultrasound of space-mark ratio 1:4 affects.
the sensitivity of some cutaneous warmth and heat
receptors to specific thermal stimuli.
1.2.2. To establish, if sham ultrasound has a significant
placebo effect on cutaneous sensitivity to warmth and
heat nociceptive stimuli.
1.2.3. To determine whether the pain-reducing effect of
pulsed ultrasound, if any, occurs almost immediately.
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1.2.4. To compare the heat-pain threshold of subjects
in this study with that-from earlier studies.
1.2.5. To' infer from the results of the study, possible
applications to clinical situations, especially in the
area of acute cutaneous pain.
1.3. The rationale for the study.
1.3.1. Sample of normal subjects.
Healthy,,young male subjects were suitable for this study
as simulations of the clinical, application of low
intensity, pulsed ultrasound could be undertaken in a
highly controlled manner. Determining the-perception of
heat-stimuli at different temperature levels required
from the subject a relatively relaxed attitude but good
sense of concentration. The. experimental protocol
involved fairly lengthy periods of time. For these
reasons, the. selected population excluded elderly or
really busy individuals. Additionally, each subject had
3 separate training sessions before the experiment which
helped ensure accurate ratings were obtained. There were
fewer limitations in terms of ethical considerations as
compared with those for a clinical trial.
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The volunteers in the first experiment, aged between 20
to 26 years (mean 22.9, S.D. 1.4), with mean weight of
61.9 Kg (S.D. 8.1), mean percentage of body-fat of 14.8%
(S.D. 3.4) and mean height of 171.8 cm (S.D. 5.3), were
in tertiary education or in sedentary employment. it
can be assumed that after.proper training, they were able
to give reliable and reproducible ratings. Clinical
assessments showed that these subjects did not have any
unphysiological degenerative sensory changes. However,
the area of skin for the experiment was still tested with
sharp (pin-prick), blunt head of the pin and cotton-wool.
The perception of heat stimuli at different temperature
levels may vary significantly and could be difficult to
rate. Therefore, only four levels of heat stimuli which
were close to and within the nociceptive range were
selected for the study. Only two of the participants
experienced slight difficulties in rating the stimuli
after the training sessions.
For the second experiment, the mean age of the 2O
subjects was 22.9 years (S.D. 1.8). Their mean body
weight was 63.8 Kg (S.D. 5.7), mean percentage of body
fat, 15.6% (S.D.3.6) and the mean height, 171.6 cm
(S.D.4.5). Other aspects were similar to the
participants in the first experiment, of whom seven
volunteered for the second experiment.
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1.3.2. Possible effectiveness of low intensity, 3 MHz
therapeutic pulsed ultrasound.
If 3 MHz, 0.5 W/cm2 ultrasound pulsed at 2 ms on and-
8 ms off is effective in bringing about an increased
threshold to heat stimuli, it may be as, or perhaps.even
more effective in promoting pain relief clinically than
at higher intensities.
1.3.3. Suitability of algesimetry as an adjunct to
clinical pain assessment.
The parameters for experimental, algesimetry can be
strictly controlled so. that reproducible results are
likely to be obtained. Findings from this study would
indicate if clinical algesimetry could be an adjunct to
pain assessment, whilst nevertheless keeping in mind
associated ethical considerations.
1.4. Definition of terms.
1.4.1. Experimental algesimetry refers to
experimentally provoked pain and the quantitative
measurement of such induced pain sensations.
1.4.2. Ultrasound refers to `therapeutic ultrasound' or
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`ultrasound therapy' which is a treatment modality
commonly used by physiotherapists for many conditions.
1.4.3. Continuous ultrasound is a continuous beam of
ultrasonic energy which is mainly concentrated in the
central core of the beam.
1.4.4. Pulsed ultrasound refers to a continuous beam of
ultrasound being interrupted, whereby discrete pulses of
ultrasonic energy are emitted. The inactive time between
pulses is of a duration depending on the mark-space ratio
selected. For this study, the ratio is 1: 4, indicating
the pulse is emitting energy for 2 ms and `off' for 8 ms,
pulsed at 100 Hz.
1.4.5. Baseline control results are the data obtained
when heat stimuli are applied to the non-insonated,
designated area of skin.
1.4.6. Heat-pain threshold is the point perceived by
the subject when the sensation of heat clearly changes to
that of pain.
1.4.7. Heat-pain tolerance is the point at which the





Experimental algesimetry on normal subjects cannot be
directly equated with the pain experienced in disease and
as a result of trauma. Due to ethical issues and
limitations in clinical conditions, it is not always
possible nor practical to implement strictly controlled
trials on a fairly large number of patients as required
in this study. However, very useful information could
still be derived so that inferences could be made
relating to clinical considerations. Alternatively,
selective results can form the basis for future clinical
research. A longer duration for each of the stimuli could
have simulated clinical pain better, but the associated
danger of inflicting thermal injury on the skin being
tested would have been correspondingly greater. Thus,
each stimulus was of 12 seconds duration or less in
Experiment 1.
1.5.2. Experimental protocol.
The main body of the experiment lasted about one and a
half hours.'It required a long concentration span from
the subject. Results from the pilot study indicated that
15
teenage subjects were not as suitable in terms of their
concentration span, despite a break in the middle of the
session. In this study, there was only one occasion when
a subject reported feeling a little tired towards the end
of the study. There were no complaints of any nature
either during the experimental procedure or after the
study from the subjects.
1.5.3. Thermal stimuli probe.
Although the Eurotherm controller and the transistorized
probe (stimulator) served the purpose of this study very
adequately, a more sensitively controlled heat source,
such as the peltier thermode type of equipment could





This literature review comprises three parts, with the
first part on algesimetric measurements the second on
studies in therapeutic ultrasound and the third on heat
and nociceptive mechanisms. These areas have been chosen
to illustrate the extensive interest in experimentally
produced pain so that attempts could be made to measure
their effects, which would help towards better
understanding and measurements of clinical pain-control.
Although ultrasound therapy studies have increased,
investigations into its pain-reducing effect have not
featured prominently.
2.1. Measurements and assessments of algesimetric heat
and other noxious stimuli.
The problems encountered by nearly every investigator in
attempting to quantify pain are many. Nevertheless,
quantification in the clinical control of pain is
necessary for a better understanding of the effects
brought about by drugs and other therapeutic agents. Pain
can be the most complex and crippling perceptual
experience, which is often difficult to describe.
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However, experimental algesimetry can provide the means
for basic research into the complex mechanisms of pain
perception and thus, be an adjunct to clinical pain
assessment (Gracely, Lota, Walter and Dubner, 1988).
Different categories of the methods used to evoke
sensations of various intensities in the skin have been
described (Beecher, 1957 Procacci, 1979). These are
mechanical, electrical, chemical and thermal stimuli. Of
these, thermal methods are amongst the oldest. Hardy et
al., (1940) cited the introduction of thermal methods by
Goldscheider in his experiments in 1884. These methods
included immersion of a part• of the body in hot water or
the application of hot objects to the skin. Oppel and
Hardy (1937), used intense thermal radiation which could
be employed quantitatively for the study of temperature
sense. Such a method avoided a concurrent mechanical
effect as with conduction methods. Skin and surface
temperature during both short and long exposures to
intense thermal radiation could be measured rapidly
(Hardy, 1953). Since those early days, the varied
studies in thermal and nociceptive perception under
controlled conditions have resulted in important and
useful information. The responses and/or ratings to
warmth, nociceptive and other stimuli at various levels
or those incorporating different temperature steps have
18
been studied by many, such as Hardy, Wolff and Goodell
(1952a), Hardy (1962), Beecher (1968), Lynn and Perl
(1977a), Croze and Duclaux (1978), Gybels et al. (1979),
Robinson et al. (1983), Kojo and Pertovaara (1987) and
Cohen and Perl (1987).
Algesimetry, the triggering and recording of pain
sensations in man (Handwerker, 1983) is different under
clinical and experimental conditions. As it is often not
possible to carry out clinical algesimetry due to ethical
considerations, experimental algesimetry can help advance
the understanding of clinical pain and its control by
pharmacological, physical, psychological or other agents.
Moreover, the interfering influences of disease, such as
a reduced ability to concentrate and lack of interest in
such a trial justified the alternative use of
experimental algesimetry. Other factors, such as age, sex
and characteristics of the subjects can be better
controlled. The problem with experimental pain though,
is the difficulty in trying to equate such brief pain
stimuli with the more lasting pain experienced in disease
or as a result of trauma.
The stronger, more penetrating muscular pain produced by
Beecher (1957) in his submaximal effort tourniquet method
approximated the clinical situation better. But, it also
19
had the disadvantage that this method can only be applied
once during a study session. Beecher's interest was
predominantly in the influence of drugs on subjective
responses. However, the kind of measurements employed
were just as applicable to the study of other factors
causing changes in subjective states. Besides, Beecher
recognised that accurate quantitative measurements of the
effects of drugs were important in assessing the disease
processes, their causes and the means of relief. To
accomplish all these aspects, the Harvard Group
(Beecher, 196.8) emphasised the necessity of patients or
subjects being studied as being capable of making the
correct discriminations. The group also stressed that
investigators should not equate, that for a given
stimulus, there must be a given response.
Other workers (Smith et al., 1966 Sternbach, 1983
Posner, 1984) have modified the submaximal effort
tourniquet method in their experiments. They were able
to produce experimental pain, which simulated closely the
kind of pain encountered, clinically. For a double-blind
cross-over study, in discriminating the effects of
different doses of aspirin from placebo, Forster, Anton,
Reeh, Weber and Handwerker (1988), repeatedly squeezed
an interdig'ital web for 2 minutes. They found the pain
intensity slowly increased during the stimulation time
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and the sensation felt deep and throbbing.
There are various psychophysical methods for measuring
thermal-pain stimuli, from the popular, relatively simple
determination of-`pain-threshold' to a more involved
recent procedure based on Green and Swets' (1966) signal
detection theory of psychophysics. It is sometimes
referred to as the sensory decision theory (SDT).
Gracely, et al. (1988) have just introduced another
method, a multiple random staircase method. The other
psychophysical. methods in quantifying experimental pain
include the verbal rating scale methods, the visual
analogue scale, the magnitude' estimation procedures, the
cross-modality matching procedures and sometimes,
physiological and other correlates of pain in
collaboration with one of. those just mentioned (Chapman,
Casey, Dubner, Foley, Gracely and Reading, 1985).
Psychophysical methods can be divided into two broad
categories. They are according to whether the stimuli or
the responses are the dependent variable (Gracely, 1985).
The criticism against pain-threshold measurements is that
non-sensory factors such as emotions can affect the
subject's response to painful stimuli and thus may
result in threshold variations (Chapman, 1974'Melzack
and Wall, 1983a). The subject is required to identify
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the point on a continuum of a stimulus which demarcates
the painful from the non-painful perception. it is
essential for the subject to be well instructed and
trained to recognise the threshold point consistently.
In claiming superiority over the simple pain-threshold
rating, other workers, (Beecher, 1956 Wolff, 1979)
besides measuring the threshold, also involved the pain
tolerance and pain sensitivity range. Wolff defined the
pain tolerance as that point at which the individual
refuses to tolerate or accept any more of the noxious
stimulation by terminating it or by withdrawal. The pain
sensitivity range is therefore the period between the
pain-threshold and the limit of the pain tolerance. In
human analgesia experiments with drugs, Wolff included
the drug request point which worked out as the point
between the threshold and the tolerance, point. Again,
there were rather large individual differences in pain
tolerance. Possibly, the sensitizing effects of repeated
stimuli on the skin may give inaccurate measurements
(Perl, Kumazawa, Lynn and Kemin, 1976 LaMotte et al.,
1982). In the present study, an interstimulus duration of
3 minutes was selected. This was to enable the stimulated
area to cool naturally and of sufficiently long duration
so that sensitization was less likely to develop.
Chapman, (1974) suggested a method based on the sensory
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decision theory (SDT) as an alternative to threshold
assessment in the study of human pain. Chapman stressed
that the SDT method relied on the ability to discriminate
according to the Thurstonian scaling (Chapman, 1974
Chapman et al., 1985). Thus, it required having an index
involving the accurate results as well as the errors in
the assessment. The theory assumed pain is the product
of sensory information processing and decision-making
behaviour patterns. Therefore, the experimental design
is critical whilst the correct interpretation of the
results can be very difficult. Moreover, the experiments
tend to be lengthy as many trials are required.
Consequently, the subject's performance could change due
to fatique or boredom. The SDT method was used
successfully to analyse responses to radiant heat during
acupuncture and in the controls (Lloyd Wagner, 1976).
The index of detection or discrimination ability in SDT
methods, termed P(A),(in its nonparametric form), is the
relationship between accuracy and error rates in the
subject's judgement of stimuli. The second index, p
identifies the subject's response bias to the stimuli,
whether it was conservative or otherwise. Both these
indices are not independent and will tend to change
together with experimental interventions. In SDT, pain
is indirectly inferred from the subject's ability to
discriminate noxious events. Analgesia, its opposite, is
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presumed to be reflected in reduced detection or
discrimination ability (Chapman et al., 1985). Pain
studies. employing SDT have been criticised by Rollman
(1977) but Chapman (1977) argued that the former had
misinterpreted the application of the theory.
The verbal rating scale (VRS) method is commonly used
especially in clinical medicine. A structured scale
consisting usually of 5 to 7 categories indicating the
pain intensity, very often includes a prepain range
(Gybels et al., 1979) which offers a continuum for the
subject to rate the sensation experienced. Melzack and
Torgerson (1971) included the emotional and aversive
aspects of pain by using adjectives, such as
lancinating, suffocating excruciating in their
categories (McGill Pain Questionnaire, 1975). Numbers can
be assigned to the categories of a verbal rating scale in
order of their magnitude. In experimental algesimetry,
with repeated training, the subjects can get very
accurate in their ratings of thermal and nociceptive
stimuli (Procaci, 1979).
Another frequently used method in pain rating is the
visual analogue scale (VAS). Its' merits have been
describe by many workers (Lasagna, 1960 Loan, Morrison
and Dundee, 1968 Scott and Huskisson, 1976 Nicholson,
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1978). It is a simple method where a 10 cm. line is
denoted with no pain at one end and the worst pain
possible or unbearable pain at the other end. The
subject would rate the intensity of discomfort or pain
felt at some point along the line. Zusman (1986) has
recommended the use of it in physiotherapy clinical
research. A modification to the 10 cm. line, is the
stating of a number between 1 to 10 as an estimation of
the pain intensity experienced. A great disadvantage of
this method is the difficulty for the subject to equate
perfectly the perception with a number as pain cannot be
assumed to be a unidimensional experience which varies
only in intensity. Ohnhaus and Adler (1975) compared the
effectiveness of the VAS and the VRS in a double-blind,
complete cross-over designed clinical trial with the aim
of assessing the effects of analgesics on pathological
pain. They concluded that the VAS appeared to assess
more accurately what a patient actually experiences with
respect to change in pain intensities. This stance was
however, contradictory to the higher F-ratios in the
analysis of variance and Kruskall-Wallis H- test with
the results obtained by the VRS. Besides, the
correlation between the two scales was highly
significant, (p0.001) and the calculated regression
line showed much lower values for the VAS and the
conclusion was therefore suprising.
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In the field of more advanced psychophysical methods, is
the magnitude estimation procedure introduced by Stevens
(1975). This involved scaling the subject's rating of
the stimulus as a function of the stimulus intensity
raised to a power. This- was applied to the relationship
between the noxious cold stimuli and the magnitude of
pain sensation in humans by Chery-Croze (1983).
Similarly, Price, McGrath, Rafii and Buckingham (1983)
have used the scores obtained by VAS as ratio scale
measures for chronic and experimental pain.
The cross-modality matching (CMM) methods or procedures
were utilised by Tursky (1976)• and Gracely (1979). They
used verbal descriptions of sensory intensity and
characteristics quantified by some measurable response
continuum, such as, handgrip force, time duration, length
of a line, etc. in proportion to a perceived'dimension of
a stimulus. As stated by Gracely (1979), these procedures
produce ratio scales of stimulus characteristics that
allow meaningful statements about pain magnitudes, for
example, My pain is twice as great as it was this
morning. These ratio scales derived from several
different responses are related to power functions.
These procedures are equally applicable to laboratory and
clinical studies which would help close the gap that
exists between the two situations. Besides, CMM
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procedures attempt to scale pain on more than one
dimension which can be considered as more meaningful to
both subject or patient and to the investigator.
In their multiple random staircase method of
psychophysical pain assessment, Gracely and others (1988)
used a 1 cm. diameter contact thermode on 14 sequential
sites on the forearm. Each site received a 3 s thermal
stimulus and the subjects used a 4-point category scale
of no pain, mild, moderate, and intense pain to
assess the stimuli, which were occurring every 20 s. Each
of the 3 intervals between the 4 verbal responses was
defined as a boundary. At-each, trial, one of six
staircases was chosen randomly. The intensity of the
stimulus was indicated by the staircase chosen. The
response to that particular stimulus would determine the
intensity presented by that staircase, the next time it
was randomly selected. Responses above the associated
boundary decreased stimulus intensity while responses
below the associated boundary, increased the stimulus
intensity. The results suggested this method is a
reliable measure of sensory magnitude in units of
stimulus intensity and does not necessitate assumptions
about psychological units of pain.
Another way for correlating the stimulus. intensity and a
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physiological event is direct recording from the
peripheral nerve concerned. The latter, though, is only
ancillary to the methods mentioned above by enhancing
them with further related information. Peripheral
physiological events cannot be directly correlated to
perception as the latter involves extensive modulation
and processing at the spinal cord and at the higher
centres (Wall, 1978). Interest in this area is evident
by the many investigators who have compared the
perception of nociceptive stimuli with single-fibre
recordings from C fibres. (Iggo, 1959 Bessou and Perl,
1969 Torebjork, 1974 LaMotte and Campbell, 1978
Kumazawa and Perl, 1977 Gybels et al., 1979 Robinson et
al., 1983).
Robinson et al., (1983) found that subjects could scale
the magnitude of heat-pain better for temperature
increments from higher baseline temperatures, such as,
44, 47 and 48°C than from a lower baseline temperature of
38°C. The sensitivity with which subjects could scale the
magnitude of pain was 2- 7 times better for increments
superimposed on a 48°C base as opposed to a 38°C base.
Accompanying this, it was found from evoked responses in
6 single C- fibre mechano-heat nociceptive afferents
recorded percutaneously that they could signal increment
size 3 -4 times better on a 48°C than a 38°C base.
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In this area, Handwerker, Keck and Neermann, (1982) had
suggested that the receptor population excited by
temperatures above 45°C is definitely different from
those excited in the below 40°C range. These two groups
refer to the heat nociceptors and warm receptors
respectively. Earlier studies by Gybel and others
(1979) had already taken this notion into consideration
by employing baseline temperatures of 43°C and 43.50C and
utilizing small temperature steps increments (2- 3°C).
The ratings by the subjects were from a six-point scale
in sensory magnitude estimation. Although Gybel et al.
claimed in this study there was no clear evidence of
sensitization of the receptors, similar experiments
should consider that in addition to nociceptors, certain
low threshold receptors may exhibit a change in
responsiveness to heat following injury (LaMotte et al.,
1982). This was illustrated by Cohen and Perl (1987),
when they studied a rabbit ear preparation, perfused with
Krebs- Henseleit solution, the possible role of Prosta-
glandins on mechano-heat nociceptors. They found
enhanced responsiveness (sensitization) of these
nociceptors after noxious stimulation (sequential
application of a series of temperature increases), in all
the 21 C- fibre units tested. The non-steroidal anti-
inflammatory agent (Indomethacin) was tested on the
sensitization produced. This was to evaluate its effect
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on the prostaglandins and kinins which have been released
endogenously. It was found that only half of the tested
units showed the expected enhancement of responsiveness.
(The Indomethacin concentrations used were only expected
to interfere with arachidonic acid breakdown, leading to
prostaglandin formation.) They concluded the capacity to
respond to noxious heat stimuli by C cutaneous
nociceptors is not dependent upon prostaglandin
formation.
LaMotte and Campbell (1978) correlated neural activity
evoked by radiant heat stimuli in primary afferent fibres
in the monkey with the sensations of thermal pain evoked
by the same stimuli in man. It was assumed that the
correlation between the peripheral neural mechanisms of
the monkey and the behavioral capacities of the human in
the detection and discrimination of thermal- stimuli was
valid. The investigators found that human subjects could
categorise. the sensations evoked by the stimuli within
the 40- 50°C range. The scale of subjective thermal
intensity perceptions, constructed from these categories
showed an increase between stimulation temperature and
the magnitude of warmth and pain sensations.
In the field of assessment of pain by heat-pain stimuli,
other apects have been investigated. The effects of the
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rate of temperature change on thermal thresholds in man
was studied by Pertovaara and Kojo (1985). They
concluded that warm, heat and heat-pain thresholds
increased with increasing rate of temperature change and
the increase was of equal magnitude with these three
thresholds. Then, they went on to investigate the
effects of stimulus area and adaptation temperature on
warm and heat pain thresholds (Kojo and Pertovaara, 1987)
using a contact thermal stimulator. They found.. that
both the warm and heat pain thresholds decreased with
increasing stimulus surface and that warm thresholds were
elevated with increasing adapting temperature. On
another aspect in sensory thermal stimulation, Croze and
Duclaux (1978) studied the influence of the rate of
stimulation on thermal pain in humans. They found that
pain- threshold and intolerance temperatures do not
increase with the rate of stimulation or the rate of
temperature change as is believed by many including
Pertovaara and Kojo (1985).
Amongst the physiological correlates measurements of
autonomic nervous system function, such as, pulse rate,
conductance, resistance or temperature of the skin and
finger pulse volume are sometimes included (Schwartz,
1977) in both experimental and clinical algesimetry.
With the latter, investigators, (Beecher, 1957 Syrjala
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and Chapman, 1984) have recognised the importance of
including the reaction component of pain and its
emotional dimension besides the usual quantification of
the intensity and duration of pain.
From a slightly different angle, interest in the
assessment of pain sensitivity including heat-pain
threshold on different areas of the body in normal
healthy subjects were carried out by Lynn and ..Perl
(1977b). They found the abdomen had the lowest threshold
for heat-pain. Kenshalo Sr. (1986), studied the
response to various sensory modalities between two
groups, namely young adults (ages 19'_ 31) and an elderly
group (ages 55- 84). Thermal thresholds were included.
He found that elderly feet were significantly less
sensitive than young feet to warm stimuli.and there were
differences in thresholds to thermal stimuli.
Thresholds can be measured by the ascending or the
descending technique in psychophysics. Those by the
descending method are often significantly higher than by
the ascending one (Merskey, 1974). The possibility of
sensitization (Pert, 1976 LaMotte et al., 1984) to
noxious stimuli must arise in such experiments. Besides,
the function of nerve endings may be impaired after
repeated prolonged stimulation as in some studies (Van
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Hees and Gybels, 1972 1981 Croze, Duclaux and Kenshalo,
1976 Campbell, Khan, Meyer and Raja, 1988).
Particularly in clinical situations, persistent moderate
or severe pain in a part of the body could result in an
increase in the threshold elsewhere (Melzack and Wall,
1983b).
Although,' there are limitations with the interpretation
of results using the available instruments for rating
heat-pain stimuli, nevertheless, they are still useful
methods for assessing thermal sensation relevant for
advancement in this field. As explained in section 3
(The Method), steps were taken to ensure that the
method selected for this study would not produce skin
damage, which could be a new source of pain or
hyperalgesia (Procacci, 1979). Carefully controlled
algesimetric findings can continue to contribute to the
understanding of the clinically assumed analgesic effects
of some locally applied pharmacological and physical
agents such as ultrasound. A verbal rating scale,
similar to that used by Gybels et al. (1979), with
descriptions in both Chinese and English was
considered most suitable for this study after having
tested it out in the pilot study.
Next, studies on ultrasound will be reviewed.
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2.2. Research and studies on therapeutic ultrasound.
The poorly defined pain-relieving effect of ultrasound
has mainly been assessed in conjunction with its other
effects in clinical trials (Clarke and Stenner, 1976
Makulolowe and Mouzas, 1977 Middlemast and Chatterjee,
1978 Jones, 1984 Creates, 1987). In some of these
trials, (Lehman, DeLateur and Silverman, 1961 Patrick,
1966 Inaba and Piorkowski, 1972 Nwuga, 1983 McLaren,
1984) not all the exact parameters used were stated.
Therefore, interpretation of results have been difficult.
Ultrasound has been employed, -as a therapeutic tool in
some aspects of patient care for well over forty years.
As a physical agent, therapeutic ultrasound is used
extensively by physiotherapists for treating a variety of
conditions, some of which are poorly defined. Depending
on the desired effects required, the parameters of
ultrasound therapy, including the mode, frequency,
intensity and duration of application have largely been
determined by empirical means. Therapists select
treatments based on their individual experiences (Patrick
1966, 1978 Nwuga, 1983 Oakley, 1978), while suggestions
found in textbooks (Wadsworth and Chanmugam, 1980
Forster and Palastanga, 1986) concerning the `dosage' of
this modality for different conditions are usually not
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properly substantiated. The application of ultrasound
(the method of treatment) is often determined by the
anatomical position and contour of the part that is being
treated. Examples are the direct contact method through
a highly transmissible coupling gel or the `under-water'
method. It is important to minimise the reflection of the
ultrasound waves (Warren, Koblanski and Siegelmann1976),
hence the necessity for a suitable transmissible couplant
(Reid and Cummings, 1973 Balmaseda Jr., Fatehi,
Koozekanani and Lee, 1986). In order to ensure optimum
absorption of the sound waves, the ultrasound head should
be moved slowly and maintain constant contact with the
area insonated (Hoogland, R., 1986 DaDomenico, Stafford
and Kanachowski, 1987). Calibration of the output is
vital as studies such as, Allen and Battye (1978), Docker
(1987), Lloyd and Evans (1988) have shown the frequent
inaccurate output of therapeutic ultrasound machines.
The float radiometer as described by Shotton, (1980) or
the radiation balance system (Fyfe and Parnell, 1982)
would provide highly accurate calibration. Otherwise,
the bottle hydrophone as provided by manufacturers of
ultrasound machines, for example Enraf-Nonius' model
(1987) could be a fairly good substitute.
Despite the fact that ultrasound is used commonly, there
has been limited and often only generalised information
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on the effectiveness of ultrasound except for a few well
- controlled clinical trials (Roche and West, 1984
McDiarmid, Burns, Lewith and Machin, 1985). It is only
fairly recently that the results of in-vitro studies and
animal experimentation (Dyson, Pond, Joseph and Warwick,
1968 Dyson, Woodward and Pond, 1971 Dyson and Brookes,
1982 Dyson and Pond, 1973 Fyfe and Chahl, 1982 ter
Haar, Daniel, Eastaugh and Hill, 1982) have provided for
a better understanding of the mechanisms involved.
Clinical trials have assumed that some degree of pain
relief occurs immediately or soon after ultrasound
applications. However, they (Buchan, 1970 Nwuga 1983
Payne, 1984) have not substantiated adequately such
assumption with earlier properly controlled studies on
normal subjects. Except for Lehmann et al. (1958), there
do not appear to be trials on actual measurements, either
in pain threshold or sensitivity of perception.
Lehmann and others (1958) determined heat-pain thresholds
after the application of continuous ultrasound, microwave
and infrared therapy. Each modality was tested in a
different session. They insonated an area of skin, 2.5 x
2.5 cm. directly over the ulnar nerve in the forearm, in
10 volunteers. An intensity of 1.5W/cm2, at 800 KHz
frequency for 2 minutes in a water bath at 35°C were the
parameters used. The heat pain-threshold was tested
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within 30 minutes of the application over the flexor pad
of the little finger. The contralateral forearm served
as the control with sham ultrasound. With another group
of 10 volunteers, insonation was over the pad of the
little finger using the same methodology. Heat pain
threshold was determined directly over the area treated.
In the first experiment, they found the mean values of
the skin temperature at pain-threshold was 50.50C,
compared with 49.90C of the control. Similarly, in the
second experiment, the pain-threshold was 52.0°C as
opposed to 51.20C with the control. (In both
experiments, p= 0.01). This observed analgesic effect
in the skin area supplied by and distal to the part of
the ulnar nerve insonated and also in the pad of the
little finger (where sensory receptors were directly
insonated) indirectly lent support to the earlier
findings of Anderson et al., (1951) and Lambert, Treanor
and Herrick (1951). These studies will be reviewed later
but their findings concluded that isolated nerves can be
reversibly blocked by applying ultrasound or heat.
Studies in this field have mainly attempted to establish
the physiological mechanisms brought about by ultrasound.
Such knowledge would provide a better understanding for
selecting therapeutic ultrasound as a treatment -modality
Based mainly on two different schools of thought,
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investigators have tried to delineate the effects of
ultrasound under the broad areas of thermal and non-
thermal mechanisms. In the former area, several studies
have been undertaken on the effect of increased
temperature on nerve conductivity. These investigations,
mainly in North America, directed their greater emphasis
on the thermal effects of ultrasound as opposed to
studies elsewhwere, (Patrick, 1966 Fyfe and Chahl, 1982
Jones, 1984 McDiarmid et al., 1985) which reflected.. the
trend towards utilising the non-thermal effects. To
many, such as Lambert et al. (1951), Herrick, (1953),
Szumski (1960), Faris, (1969), Lehmann and Guy, (1972),
ultrasound therapy was considered primarily as a source
of deep heating and whatever biological effects that were
brought about, stemmed from a rise in tissue temperature.
Unsuprisingly, it was referred to as ultrasound diathermy.
In the 1950's and 1960's, parameters as employed
clinically were used in several animal studies to
determine the effects of ultrasound on nerve tissues
(Lambert et al., 1951 Anderson et al., 1951 Wulff, Fry,
Tucker, Fry and Melton, 1951 Herrick 1953 Gersten 1955
Madsen and Gersten, 1961 Zankel, 1966 Abramson, Chu
and Tuck, 1966). Lambert et al. (1951) using the bullfrog
nerve did not establish a correlation between the types
of fibres most affected by ultrasound and those
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transmitting nociceptive information. This was due to a
lack of knowledge of the latter, at that time. However,
they found changes in the action potentials and nerve
conduction velocity (NCV). More recently, there has been
renewed interest in this area as illustrated by the
following investigations.
In recording NCV, investigators have expressed two
different conclusions. Some studies have shown an
increase while others a decrease in nerve conduction rate
after the tissues overlying the nerve have been
insonated. Such studies, by Abramson et al. (1966)
Currier, Greathouse and Swift (1978)'Halle, Scoville and
Greathouse, (1981) Currier and Kramer (1982) and Kramer
(1984 1985) supported the former stance of increased
NCV. Currier et al. (1978) carried out bilateral
antidromic sensory conduction measurements over a 10- 12
cm. segment of the lateral cutaneous branch of the (R)
radial nerve before and after insonation at 1 MHz, with
an intensity of 1.5 W/cm2 in a continuous mode for 5
minutes. Nerve bed temperature, duration and amplitude
of nerve action potentials were recorded at intervals for
up to 15 minutes after insonation. They found that
there was no significant difference in the duration and
amplitude of nerve action potentials but a decrease in
latencies (increase in NCV) as the subcutaneous
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temperature rose significantly. Currier therefore
concluded that contrary to other studies (Madsen and
Gersten., 1961 Zankel, 1966 Farmer 1968), the ultrasound
dosage of 1.5 W/cm2 of continuous mode at 1 MHz increased
the sensory NCV. Further studies by Currier were on,
whether the change in NCV was an effect of ultrasound
other than the effect of temperature.
Using a similar methodology, Currier and Kramer (1982)
aimed to differentiate between the heating effects of
ultrasound and infrared on sensory NCV. The increased
NCV found was again attributed to the thermal effects of
ultrasound. (In slightly earlier studies, Currier et al.
(1978) and Halle et al.(1981) had also selected the
lateral cutaneous branch of the radial nerve because of
its superficial position.) Switching hi$ attention on
to a motor nerve, Kramer (1984) insonated a 12 cm segment
of the ulnar nerve using continuous and pulsed
ultrasound. As controls, Kramer compared continuous
ultrasound with the thermal effect of infrared while
pulsed ultrasound was compared with placebo ultrasound in
the same subjects. The results indicated with
significance an increase of 0.8°C at the nerve bed
(measured by a needle thermistor) in both the continuous
ultrasound and infrared experiments. Besides, the mean
NCV had increased by 3.75 m/s (from 56.61 to 60.36 m/s)
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and 3.08 m/s, (from 57.86 to 60.94 m/s) respectively.
Therefore, Kramer argued that the mechanical effects of
ultrasound were not significant in accelerating the nerve
conduction velocity as the rise in temperature in both
ultrasound and infrared applications had caused an
increase in nerve conduction velocity. As for pulsed
ultrasound and placebo ultrasound experiments, Kramer
(1984) had recorded a decrease of 2.2°C (from 32.9 to
30.7°C) and 3.1°C (from 33.2 to 30.1°C) respectively at
the nerve bed after insonation. The NCV had also
decreased by 2.79m/s( from 59.14 to 56.35 m/s) and
5.38m/s (from 58.13 to 52.75 m/s) respectively and was
thought to have been due to the cooling effect of the
ultrasound transmission gel.
Results from Madsen and Gersten's (1961) studies revealed
that the NCV decreased after insonation over the ulnar
nerve at 0.88 and 1.28 W/cm2. However, with 1.92 W/cm2,
there was a small increase in NCV and in subcutaneous
temperature. Similarly, Zankel (1966) found a decrease
in motor NCV after insonation with 2.0W/cm2 for 5 minutes
and also after 1.0 W/cm2 for 10 minutes. Zankel compared
these results with changes in NCV after the application
of hot-packs which increased the NCV. The conclusion
suggested was that factors other than heat were
responsible for the decrease in NCV. Somewhat in line
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with Zankel, Farmer (1968) observed that motor NCV
decreased after the application of 5 minutes ultrasound
at 1.0 and 2.0 W/cm2 but there were increases in NCV when
2the intensities were at 0.5 and 3.0 W/cm.
The increase in NCV in the different studies have been
attributed to the thermal effects of ultrasound although
temperatures were not always recorded, as in Farmer's
(1968) study. With contradictory findings on the effects
of NCV by ultrasound, Halle et al. (1981), set out to
clarify the thermal and mechanical factors on sensory
nerve conduction by comparing the equivalent temperature
changes by ultrasound and infra-red in-separate sessions.
The subcutaneous temperature was allowed to rise 1.20C.
for the lateral cutaneous branch of the radial nerve.
Halle argued that both the mechanical and thermal effects
of ultrasound were responsible for the increase in the
NCV, similar to that caused by infrared. Therefore, he
concluded that the mechanical (non-thermal) effects of
ultrasound did not affect the NCV to any significant
extent since the rise in subcutaneous tissue temperature
could have been caused by the thermal effect. As a
minimum of 3 days separated the two tests in this cross-
over design, there should not be any remaining effects of
the previous test so the conclusion should be acceptable.
Moreover, the correlation between the nerve conduction
42
latency and the changes in subcutaneous temperature under
both treatment conditions revealed essentially identical
slopes. This finding is in line with those of Smorto and
Basmajian (1972) and Currier et al. (1978) that the
increased NCV is due to the effect of temperature rather
than to the mechanical effect of ultrasound. Likewise,
Currier and-Kramer, (1982) insonated for 5 minutes at 1.5
W/cm2 and 1MHz continuous mode over the right lateral
cutaneous branch of the radial nerve. A comparison with
the effects of infrared applied correspondingly to the
left arm revealed in both experiments that a greater NCV
was associated with the increase in subcutaneous tissue
temperature, which was higher with the infra-red
application.
As there is little doubt, clinically, ultrasound does
relieve pain (Dyson, 1987 Partridge, 1987), but it is
difficult to identify the actual mechanism(s) responsible
for it. It appears that Griffin (1966) and others who
found a decrease in NCV after insonation with
intermediate intensities of ultrasound, treated large
areas of the forearm while those with the opposite view
insonated small areas. As clinicians use a variety of
intensities for treatment, Kramer, (1985) insonated a
relatively small area (about 4.5 times the area of the
ultrasound head) over a nerve on a muscular bed for 5
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minutes with different intensities. He reported
significant increase in NCV with 1.5, 2.0, 2.5 W/cm2 but
not significant increase with 0.5 and 1.0 W/cm2. With
placebo ultrasound, there was a decrease in NCV
accompanied by significant temperature decrease. This
study supports the findings of Currier et al. (1978
Currier and Kramer, 1982), Halle et al. (1981) that the
thermal effect of ultrasound was responsible for the
increased sensory nerve latency rates. It also supports
the results of similar studies by Kramer (1984) on motor
nerve conduction and by Wells (1977a), on the giant axon
of the squid.
However, the study by Costentino, Cross and Harrington
(1983) pointed to decreased sensory NCV following 10
minutes of insonation at 1MHz over the median nerve (in
the forearm, over a distance of 25- 40 cm) at 0.00, 0.5,
1.0 and 1.5W/cm2. Measurements were taken orthodromically
following electrical stimulation to the middle digit.
The NCV were found to be decreased but there were no
significant differences between the pre-insonated and
post-insonated velocities or between the different
intensity groups.
Though it is obvious the thermal effect is brought about
by the tissues absorbing acoustic energy from the
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ultrasound beam due to attenuation, however, it is still
not clear why nervous tissue is selectively more
sensitive. Possibly, it is because of its high protein
content (Faris, 1969 Wadsworth and Chanmugam, 1980
Ward, 1980). In the absence of heat removal by blood
flow, the temperature rise caused in most soft tissues by
1 W/cm2 of. 1 MHz ultrasound is 0.86°C/min (Williams,
1987). Therefore, if heat is not necessary in treating a
condition, such as in very acute injuries, pulsed
ultrasound is advocated (Patrick, 1978 Dyson et al.,
1968 Dyson and Pond, 1970 Dyson and Suckling, 1978
Dyson, 1982 Dyson and Brookes, 1982 Lehmann and Guy,
1972 Fyfe and Chahl, 1982 Middlemast and Chatterjee,
1978). In contrast to the pursuit of thermal effects
in continuous ultrasound, Dyson et al. (1968) showed
that pulsed ultrasound of low intensity accelerated the
regeneration of tissue in rabbits' ears. Dyson used 0.5
W/cm2, 2 ms: 8 ms mark-space ratio at 3.5 MHz frequency.
Clinically, Williams (1968) found 0.3-0.5 W/cm2 improved
the healing in pressure sores. Dyson also evaluated the
effects of other intensities and it was found with 8.0
W/cm2, tissue damage resulted. However, this was not
suprising as the experiment had employed a stationery
ultrasound head as opposed to the moving head in usual
therapeutic applications. This finding is also supported
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by Dyson's later experiments (Dyson, Pond, Woodward and
Broadbent, 1974) on blood cell stasis and endothelial
damage in chick embryo in a stationary wave field.
The effect of pulsed ultrasound, at 3 MHz, of mark-space
ratio 2: 8, on. granulation tissue in varicose ulcers of
the leg (Dyson and Suckling, 1978) was studied using a
controlled, blind clinical trial. This together with
another clinical trial, using similar parameters-. by
Roche and West (1984), showed that the ulcers of those
in the insonated group had decreased significantly in
size. In another controlled study by McDiarmid et al.
(1985) involving forty patients with pressure sores, all
those insonated healed faster than those which received
placebo-ultrasound. Callam, Harper, Dale, Ruckley and
Prescott (1987) found healing was accelerated in a
controlled trial of weekly ultrasound therapy in chronic
leg ulcers.
In in-vivo experiments by Drastichova, Samohyl.. and
Slavetinska (1973), Morcos and Aswad (1978) and Webster,
Dyson and Harvey (1979), there was evidence that soft-
tissue regeneration could be enhanced with suitably
applied ultrasound. Besides, Fyfe and Chahl (1982) have
shown also *in-vivo, that ultrasound caused degranulation
of mast cells, which led to release of histamine. It is
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believed that small amounts of histamine assist in
healing (Dabrowski, Maslinski and Olczak, 1977). In in-
vitro studies by Harvey, Dyson, Pond and Grahame (1975)
and Webster, Pond, Dyson and Harvey (1978), they found
ultrasound had a stimulatory effect on protein synthesis
in human fibroblasts although mast cells were not
present. In another in-vitro study, Hashih (1986) found
that chemotactic agents, including histamine are released
from the granules of mast cells. Dyson (1987) suggested
degranulation of mast cells may be initiated by increased
transport of calcium ions across cell membrane as a
result of the sonic field. She also suggested that
ultrasonically- induced membrane. perturbation may
increase calcium transport into mast cells. Yurt, (1981)
has shown that raised intracellular calcium ion levels
stimulate mast cell degranulation. This may well explain
why ultrasound is particularly effective if applied
within a few hours of the injury.
With regard to this time factor, an in-vivo study on
plasma extravasation induced in the rat ankle joint by
intra-articular injection of silver nitrate revealed that
for a single insonation, the effect extended for up to 96
hours. (Fyfe and Chahl, 1985) The parameters used were
pulsed ultrasound at an intensity of 0.5 W/cm2 for 1
minute duration. The effect was a change from a
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significant initial exacerbation of plasma extravasation
to significant final reduction of plasma extravasation
compared to the contralateral control ankle as stated by
Fyfe and Bullock (1985). A second insonation, if given
24 hours after the first, increased the length of time
during which there was a similar effect but to a lesser
extent. The. greater plasma extravasation resulted in the
treated ankles (rather than in the controls), if another
insonation was given 24 hours after the second one.
These findings had prompted the investigators to caution
on the frequency of treatments when insonating patients
and called for definitive clinical trials in this area.
Dyson and Brookes (1982), were also involved in
experimenting the effect of ultrasound on the repair of
fractures. Bilateral transverse fibular fractures were
made in adult rats. Fracture on one side was insonated
while the other received mock-insonation. The parameters
used were pulsed ultrasound (2ms 8ms) at an intensity
of 0.5 W/cm2 for 5 minutes on 4 consecutive days during
each week of treatment. Different combinations of weeks
and at frequencies of 1.5 and 3.0 MHz were compared
microradiographically and histologically. It was• found
ultrasound was most effective when given only during the
first two weeks after injury and that the bone repair
tended to be of the juvenile type with rapid ossification
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and little cartilage production. Besides, the 1.5 MHz
frequency appeared more effective than the 3 MHz
application. With all other parameters being kept
constant, Dyson and Brookes suggested the better results
obtained with the lower frequency could indicate a non-
thermal involvement in the stimulation of bone repair.
Contrary to acceleration of tissue repair, Chapman,
MacNally and Tucker (1979) found that insonation of
biological cells in vitro may result in potentially
harmful heat production, cavitation and direct mechanical
forces leading to changes in the function of cellular
plasma membrane. The experiment demonstrated that the
potassium content of rat thymocytes decreased following
exposure to ultrasound of 3 MHz and at 2 W/cm2 for 40
minutes at 37°C. without inducing cell lysis or gross
membrane damage. The investigators attributed the
changes to ultrasound-induced decreases in ion influx
together with increases in potassium efflux as the
temperature of the medium was not high enough to account
for the observed decreases in cell potassium. They
further suggested acoustic streaming at the cell membrane
or within the cell as the damaging mechanism leading to
ion flux changes.
Apart from the effect on nerve tissues, Fyfe and Bullock
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(1985) suggested the physical and chemical effects of
ultrasound might combine to produce the clinically
observed results of reduction of pain and improvement in
the local circulation. Partridge (1987) stated that
ultrasound is commonly recommended for pain and added it
is a notoriously difficult area to investigate. Merskey
(1974) advocated that pain assessments should be as
complete as possible including psychological testing and
probably some means of assessing pain -threshold.
Clarke and Stenner (1976) found that measuring
accompanying changes were as difficult as assessing pain
with ultrasound treatments. There is a lack of
psychological testing, pain-threshold or more complete
perception scales in the clinical studies documented.
Instead, most investigators have recorded pain extremely
subjectively (Patrick, 1978 Munting, 1978 Middlemast
and Chartejee 1978 Ferguson, 1981 Nwuga, 1983 Jones,
1984 Binder, Hodge, Greenwood, Hazleman and Page-Thomas,
1985). Moreover, some of these studies were complicated
by the inclusion in them of other aspects of treatment,
such as exercises and in Middlemast and Charterjee's
trial, supportive bandage or Tubigrip was also applied.
The pain-rating scale used by Downing and Weinstein
(1986) was an improvement on some of the clinical means
of recording pain. The scale consisted of four levels of
perception,Asymptomatic, Minimal, Moderate and Severe.
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All the terms except Asymptomatic were defined.
It is possible that pain reduction is a secondary effect
(Dyson, 1987). She had also stated that ultrasound
can quicken the rate of tissue-repair after injury and
may also reduce pain, provided it is applied
appropriately. The implication on pain reduction is
similar to McDiarmid and Burns (1987) that pain relief is
coincidental as the stimulation for healing or the
softening of tight tissues ought to be the primary aim
of ultrasound. Thus, Markham and Wood (1980), held a
clinical study using ultrasound in the treatment of
Dupuytren's Contracture. The results ranged from
correction of the contracture in the early stage to no
effect in some established cases. It appears so far that
no studies have been carried out on the possible
immediate pain-reducing effect of ultrasound using
trained subjects in the manner of the more established
psychophysical tests or by using the philosophy of Green
and Swets' (1966) Signal Detection Theory.
Some of the other clinical trials which have tried to
assess the effect of ultrasound on pain-control, include
Jones (1984), on 12 patients suffering from acute herpes
zoster, Payne (1984) on post-herpetic neuralgic patients
and Clarke and Stenner (1976) on patients with plantar
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fasciitis. Koppel, (1956) charted the progress of
different physical modalities of treatments by using a
manometer and found that ultrasound gave the greatest
decree of analgesia.
Possibly, why pain as an entity has not been explored
fully with ultrasound treatments could be because it has
been considered as a by-product of an abnormal condition,
such as inflammation. Efforts have been primarily
directed to resolve such conditions by using the thermal
and non-thermal mechanisms of ultrasound. Pain-relief
has been secondary and mostly regarded as the natural
consequence of recovery of the primary lesion, which may
not always be correct, especially in chronic pain. This
aspect will be included in the next part of this
literature review.
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2.3. Aspects related to the mechanisms of warmth and
nociceptive perception.
The exploration of the complex relationship between a
sensory phenomenon, such as temperature sensation and the
thermal stimulus which evokes it commonly comes under
Psychophysics or more precisely Phenophysics (Hensel,
1974). Its complexity follows that the testing of heat
and heat-pain stimuli should be taken as an assessment of
the perceptions. These are sensations modified at
cortical and subcortical levels by a variey of factors,
which sometimes include pharmacological and other
therapeutic agents. Croze, Duclaux .and Russek (1977)
described thermal sensation as a complex conscious
experience with sensory and affective dimensions.
Discrimination between the different intensities of
thermal stimuli is within the sensory domain.
Determination of the nature of the stimulus comes under
the affective dimension.
Especially in clinical situations, all measurements of
pain or thermal stimuli must take into consideration the
situation that people subject to pain are under emotional
and or psychological influences (Merskey, 1973 1974).
Varying degrees of anxiety are often present in subjects
during laboratory investigations of pain .(Lepanto, Morony
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and Zenhausen, 1965). This has led investigators, such as
Harris and Rollman (1983), to question the validity of
experimental pain measures. Therefore, it cannot be
assumed that there is a simple relationship between
stimulus and subjective response (Beecher, 1968) in
algesimetry. Strict experimental design in controlling
as many of. the factors involved are essential for the
interpretation of subjective responses. The possible
physiological mechanisms responsible for the ultimate
subjective perception of•heat and noxious heat stimuli
are being surveyed.
Like other sensory modalities,,. warm,. heat and noxious
heat stimuli are conveyed to the central nervous system
in a code of electrical impulses from the cutaneous
nerve-ending receptors by thinly myelinated and
unmyelinated C fibres. These are widely branching, bushy
networks of fibres in the skin, where each receptor field
overlaps with one another (Wall and Melzack, 1984).
Adequate stimuli must be applied to the skin before the
heat nociceptors and the polymodal nociceptors can
discharge. Thermosensitive receptors responding to
noxious heat tend to have small receptive fields, of less
than 3 mm in diameter (Hensel, 1974). Their thresholds,
which are between skin surface temperatures of 40 and
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45°C appear to be efficient for signalling information on
the intensity of the stimulus. In contrast to these
thermoreceptors, the polymodal nociceptors often had
comparatively large and complex receptive fields with
several receptive maxima (Hallin, Torebjork and
Wiessenfeld, 1981). Besides, there are also polymodal
nociceptors which respond to thermal and mechanical
stimuli, the mechano-heat nociceptors. Hallin and his
associates (1981) also found that innocuous heat
stimulation perceived as warmth excited the
thermoreceptors as compared to the polymodal C
nociceptors which discharged most intensely to noxious
painful heat.
The transduction mechanism triggered off in response to
a warmth stimulus is affected by variables, such as skin
temperature (Croze et al., 1977), the area stimulated
(Beecher, 1957 Hensel, 1974), the rate of stimulation
(froze and Duclaux, 1978 Pertovaara and Kojo, 1985) and
obviously, the intensity, duration and the method of
stimulation. Warm receptors have thresholds from about
300C. As the temperature of the stimulus increases
causing a corresponding rise in the skin temperature,
this is matched by a similar increase in the discharge
rates of the warm receptors. Their maximum-static and
dynamic firing frequencies are achieved at about 40°C
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(Duclaux and Kenshalo, 1980). Many studies, such as
Torebjork (1974), Van Hees (1976), Croze et al. (1976),
LaMotte and Campbell (1978) and Van Hees and Gybels
(1981) found that heat stimuli which elicited discharge
in most heat sensitive nociceptors are in the range
primarily between 41 and 510C.
Although there may be some warm receptors with
thresholds slightly higher than 40°C, heat receptors are
very quickly stimulated when the skin temperature rises
to about 43°C and beyond. This aspect was a reason given
by Gybels et al.(1979) for selecting heat stimuli of and
exceeding 430C in their study. They believed that the
higher threshold warm receptors would be least affected
as stimuli of 430C and above are beyond the optimum
functioning capacity of warm receptors. However, results
from other experiments have prompted investigators to
define heat receptors. They are those with high
thresholds and without discharges at steady temperatures
below 45°C in mammals, notably in the cat and the monkey
(Kumazawa and Perl, 1977 Hallin et al., 1981).
When the stimulus temperature increases further, heat-
pain is perceived, which is initiated by discharge of the
polymodal nociceptors, followed by modulation in' the
central nervous system. However, from a psychological
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view-point, pain is a modality of sensation which can be
greatly influenced by emotion (Merskey, 1973 Wall and
Melzack, 1984). Studies by LaMotte and Campbell,
(1978), Raja et al. (1984), Cohen and Perl, (1987), have
shown that C polymodal and heat nociceptors can be
sensitized by frequent noxious stimuli to the skin
resulting in hyperalgesia. There would be a fall in
threshold and an increase in discharge frequency when a
certain temperature is reached. If repeated heat-
nociceptive stimuli give rise to a burn, increased
sensitivity of A fibres, decreased sensitivity of C
fibres and hyperalgesia would result. (Meyer and
Campbell, 1981). Kerr and Wilson (1978), stated that on
repeated stimulation of a high threshold thermal
nociceptor, the threshold would be found to have dropped
several degrees. As a result of sensitization, there
would be a tenfold increase in discharge frequency to the
same intensity stimulus.
Sensitization may be brought about by the release of
algogenic substances such as bradykinin from damaged
tissues (Van Hees, 1976 Zimmerman, 1981). Bradykinin
in turn, releases prostaglandins from the phospholipid
precursors in the cell membrane. The prostaglandins
themselves do not produce pain unless they are present in
very high doses but they do potentiate the activity of
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other algesic substances (Terenius, 1981).
Fast pain of a well localised sensation, such as of pin-
prick quality is said to be produced when the type III
fibres transmit as opposed to the slow, poorly localised
pain of relatively long duration of the C- fibres.
Whatever the type of pain perceived cutaneously, the
complex process begins with an adequate stimulus bringing
about a receptor potential. This in turn, is brought
about by an increase in membrane conductance that affects
the small ions, particularly sodium ions. As for the
neurotransmitter involved, Nicoll (1980) strongly
suggested that substance P must be involved in synaptic
transmission in afferent fibres that mediate nociception.
The complete transduction mechanism is still not clearly
defined but investigators, such as Hallin et al. (1981)
have found that for C heat nociceptors to transduct more
than just transiently, the skin temperature must well
exceed the normal skin temperature of around 35°C.
Besides, they postulated that the conscious perception of
heat-pain could be the result of summated activity in
many nociceptors and warm receptors.
With generation of neural impulses from the thermal
receptors, these travel along nerve fibres, at different
speeds and with varied frequencies depending on the
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receptor potential, to enter the spinal cord. The
important area of the substantia gelatinosa in the dorsal
horn of the spinal cord, corresponding to Rexed Laminae I
and II can modify the pattern of these impulses before
they ascend up the spinal cord neurons to the brain.
Moreover, opiate receptors are found in large numbers in
the dorsal.horn'of the spinal cord (LaMotte, Pert and
Synder, 1976 Levine, 1984) which is in line with
Hillier, Simon, Crain and Peterson's (1978) finding that
some opiate receptors are associated with primary
afferent fibres. Considerable integration and processing
including temporal and spatial summation of the stimuli
take place in the central nervous system. There is
conscious reflection of the stimulus before a proper
subjective response can be provided.
As with the cold receptors, the warm and heat receptors
are nearly always supplied by Group III and IV fibres but
predominantly by the unmyelinated Group IV fibres
(Schmidt, 1986). Peripheral coding of noxious heat
stimuli may be found in one of the hypotheses relating
to transduction mechanisms and coding of nociceptive
stimuli. These are the pattern, intensity and
specificity theories which have been developed since the
last century.
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The pattern theory is based on the assumption that neural.
receptors respond to a range of stimuli but each afferent
fibre possesses its own characteristic coding pattern.
The sensation perceived is a result of interpretation by
the central nervous system of the spatial and temporal
patterns of impulses from non-specific receptors. A
population of afferent fibres should be able to encode
the entire spectrum of sensations both qualitatively and
quantitatively. From a slightly different approach, the
intensity coding hypothesis assumed that pain is the
product of very strong stimuli exciting the normally low-
threshold receptors, such as those of touch.
The more accepted specificity theory is supported by the
knowledge that there are receptors which subserve the
sensations of touch, warmth, cold and pain. Besides, the
hypothesis claims there are specific pain tracts and pain
centres in the central nervous system. The pain
receptors are free nerve endings which generate pain
impulses that are transmitted by AS and c afferent
fibres to the dorsal horn of the spinal cord. After
synapsing, they cross over at that level or within a few
segments and travel up the anterolateral spinothalamic
tract to the thalamus and finally to the brain centre.
With present knowledge and evidence, neither the pattern
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nor specificity theories can be fully substantiated
although .from the literature, the latter with some
modifications appears to have gained greater support.
Since 1965, Melzack and Wall (1983b) have offered
alternate theories of interaction which are based on
Head's (Zimmermann, 1976) original postulation of the two
parts of the somatosensory system. That has since
developed into a psycho-physiological dichotomy of the
nervous system. The two components essential for
sensations are the epicritic or fast conducting afferents
which are associated with the informational and
discriminative aspects and the protopathic or slow
conducting afferents which are correlated with the
motivational and effective aspects of sensation and
behaviour (Zimmermann, 1976).
Melzack and Wall (1983b) postulated the epicritic or
lemniscal system projects into the postcentral gyrus of
the cortex and involves the Group II afferents, which
serves the specialised mechanoreceptors. This system
includes the dorsal columns of the spinal cord and
medulla, dorsal nuclei of the medulla, medial lemniscus,
ventrobasal nuclei of the thalamus and then on to the
somatosensory areas of the cortex, SI and SII
(Zimmermann 1976). The protopathic or extralemniscal
system starts from the dorsal horn of the spinal cord
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and extends to the ascending anterolateral tract,
brainstem reticular formation, the medial, intralaminar
and posterior group of nuclei of the thalamus and the SII
area of the cortex. There seems to be a close
relationship between this system, the autonomic nervous
system and the limbic system. All sensations share both
aspects to varying degrees by interacting in a variety of
ways such as by inhibition or facilitation..
Besides, the reticular activating system, which is
concerned with control of consciousness appears to share
common thalamic and- brainstem centres with the
protopathic system. A characteristic of this system is
the extensive number of synapses in series in conjunction
with the divergence and convergence of neurons. Not only
is information processing slow in contrast to the
lemniscal system, but there is a loss in spatio-temporal
information of the stimulus. Due to its connections with
the limbic system, this system is well placed for
judgements regarding emotion, pain, motivational and
other protopathic sensations. The impulses resulting
from cutaneous, noxious stimuli synapses at the dorsal
horn with either the specifically nociceptive or the much
greater in number of polymodal neurons (LeBars and
Chitour, 1983). Both these types of neurons project into
the anterolateral tracts of the spinal cord. The firing
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rates of a dorsal horn neuron are about ten times higher
than those of a single heat-sensitive nociceptor
(Zimmerman, 1981). Large numbers of C fibres converge
on a single dorsal horn neuron. It appears that
activation of the AS and C fibres causes substance P to
be released from the presynaptic endings in the spinal
cord (Nicoll, 1980). Acting as a transmitter, substance
P excites the dorsal horn neurons. Besides noxious heat
stimuli the exclusively nociceptive neurons are excited
by noxious mechanical stimuli. It would appear that
these polymodal dorsal horn neurons are involved in the
central processing of nociceptive information. The
after discharge in these neurons outlasts the duration of
the heat stimulus and provide evidence for temporal
summation.
A and C fibres can converge but there is also segmental
inhibition exerted by A volleys on the response of the
neurons to the C fibre input. Nociceptive impulses
travel in the myelinated anterolateral tract to the
brainstem reticular formation and then to the thalamus.
The termination of the anterolateral tract neurons are
believed to be involved in the processing of noxious
stimuli. Zimmermann (1976) cited Schiff, back in 1854,
as stating other spinal ascending pathways, such as, the
propriospinal pathways might transmit painful stimuli.
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Supraspinal inhibitory control of dorsal horn neurons
which can be excitatory or inhibitory are from various
areas of the brain. Sensory information is modulated by
changing the size of the spinal neurons' receptive fields
and to change the modalities of the afferents which
excite a particular neuron. Such effects may be mediated
by the systems of presynaptic inhibition of spinal
mechanoreceptive afferents. Descending influences on the
responsiveness of spinal neurons to noxious stimuli is by
affecting the coding intensity. The spinal cord neurons
can be inhibited by the raphe nuclei and the
periaqueductal grey centre (Kerr and Wilson, 1978). it
is now widely believed that opioids, for example
endorphins activate the descending inhibitory neurons.
These then cause release of serotonin at the neurons
spinal endings, which acts as an inhibitory transmitter.
The modulation is one of-inhibition of the information of
pain in the spinal cord. However, these pain-modulating
mechanisms do not seem involved when chronic pain
persists in some people even though the disease process
is no longer active or as severe.
This concept of a dichotomy of the somatosensory system
had stimulated the proposal of the Pain-gate theory by
Melzack and Wall in 1965, as an explanation for the
possible interaction between the two systems. A variety
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of inhibitory factors act at the dorsal horn to modulate
the afferent information at segmental level (Fields and
Basbaum, 1984) and supraspinal inhibition of dorsal horn
neurons also occurs (Terenius, 1984). However, the idea
of presynaptic inhibition (produced by the small diameter
Group III and C fibres input) and hyperpolarization as
postulated In the theory cannot be substantiated. The
reason is because many investigators have since recorded
dorsal root potentials of positive polarity. Moreover,
it was found that hyperpolarization was not produced
specifically by stimulation of the Group III and the
unmyelinated cutaneous nerve fibres (Nathan, 1976).
The modulation process of thermal and nociceptive input
at the level of the thalamus takes place at the posterior
nuclei group. At the main sites of synaptic connections,
there are tight clusters of terminals or glomeruli.
Each glomerulus provides specific interconnections
between input, principal and intrinsic neurons.
Therefore, each nucleus serves as a processing station
for convergence and integration of one or more modality.
Being part of the thalamocortical system, information
from the thalamus is sent to various parts of the cortex
especially to somesthetic (sensory) cortex II (SII) for
further processing. From here, descending excitatory and
inhibitory impulses are sent to most synaptic stations of
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Investigations were carried out under a controlled
environment to minimise the effects of extrinsic factors
on the subject's perception of the heat stimuli and heat-
pain tolerance. The room temperature and humidity during
the period of investigation were maintained at optimum
levels (about 23°C and around 68% air-humidity). The
design of the study required healthy, male volunteers
from the 18- 30 age group. They turned out to be aged
between 20- 26 years. The mean age for participants in
Experiment 1 was 22.9 (S.D. 1.4) whilst for Experiment 2,
it was 22.9 (S.D.1.8). In order to consider whether
physique may affect heat perception, the.body weight,
percentage of body-fat and the girth of the forearms at
the level between the two epicondyles of the humerus were
measured. The subject's height was also recorded.
Details of the background for the experimental protocol,
the rating scale for the stimuli, the equipment used and
the methods of the two experiments are discussed in this
section.
67
3.1. The 7- point stimulus rating scale employed for
judging the heat stimuli in Experiment 1 is indicated as
follows:-
1. Just noticeable (warmth)
2. Slightly warmer
3. Clearly warmer
4. Moderately hot (slightly stinging)
5. Hot (clearly stinging)
6. Very hot, painful, tolerable
7. Very hot, painful, intolerable.
3.2. The basic layout and equipment for the experiments.
As this was a psychophysical study, the volunteers were
all subjected to the same optimum controlled conditions
in order to minimise physiological and psychological
variables. Thus, the following steps and equipment were
required.
3.2.1. The room temperature was maintained at 23.5°C+
0.5°C and was measured by a long standard mercury
thermometer, and counterchecked by a telethermometer and
two digital thermometers in different parts of the room.
During most days of the study, the outdoor air-
temperature ranged from 17- 22°C.. Therefore, the
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required room temperature was easily maintained by
employing one or two heaters. The relative humidity of
the room was monitored over 24 hours by a nautical chart
recorder (Tempscribe, Pittsburg.) The reading was
compared at intervals with that obtained from a wet and
dry bulb thermometer. The humidity was maintained at 68%
+ 5%. The relative humidity throughout the major part of
the study was between 65- 85%. In order, to lower the
humidity, a dehumidifier was in service overnight as
necessary. All the windows and the door were kept closed
during the experiments to prevent any draughts and also
to ensure the constant temperature range of 23- 240C.
At the same time, noise from the exterior was hardly
noticeable inside the experimental room.
3.2.2. A comfortable plinth was used for the subject to
lie on and therefore encouraged a calm, relaxed feeling
during the study. Adequate pillows and a light cover,
which covered the subject from neck to toes were
provided. In order to standardize a comfortable and
well-supported position for the arm under study, it was
resting in a well-padded splint. A comfortable chair and
side-table were also provided.
3.2.3. The equipment for the experiments included a heat
contact stimulator or thermode, an ultrasound machine, an
69
electronic metronome and a chart recorder. The heat
stimulator had a contact area of 5.9 cm2 (diameter of
2.75 cm.) for delivering the thermal stimuli. The
stimulator head was heated by four transistors, each of
which was supplied by a D.C. power supply regulator. A
thermistor had been glued securely into a shallow groove
on the active surface of the stimulator but which still
maintained a flush contact with the skin. The
thermistor thus sensed the temperature at the
stimulator-skin interface. The stimulator head had its
own servo-feedback mechanism to the controller (Eurotherm
808) for regulating and maintaining the required output.
(Figs. 1, 2 and 3) The Eurotherm provided a variety of
functions which allowed an increasing temperature ramp
from a baseline temperature. It also provided a steady
output in about a minute after resetting at the required
temperature level. The thermistors used in this study
plus the telethermometer were calibrated in a water bath
using a conventional, finely graduated mercury-in-glass
thermometer.
Fig. 1 is a basic block diagram showing the equipment for
producing the heat stimuli. Fig.2 is a wiring diagram of
the equipment used. The stimulator head or thermode had









Fig. 1. FUNCTIONAL BLOCK DIAGRAM
The set-point to the Controller (Eurotherm) was selected for the required temperature output.
The stimulator head's servo-feedback mechanism was to the Controller which regulated and
maintained the required temperature level. The thermistor, on the surface of the heater






























5,6 - terminal connections
which.control the
output of the power
OT Q ~ ~ -J O
19,21 - set point 2 (for ramp
a -1 ,
25,26 - input from the sensor
i t- n Aiin I n i







fir, 9 r.TTPTMn nTACTAM
The power supply to the thermal stimulator head was from four independent D.C. power Regulators.
The 27Kilresistor suitably matched the impedance of the controller and power supply.
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Fig. 3 HEATER CONFIGURATION
Heater Configuration of the stimulator head. Four transistors were embedded in the round
stimulator head. The function of these transistors was to produce accurately the required
thermal stimuli. Each transistor had a maximum power dissipation of 9W. The total output
of the heater module (stimulator head) = 36W.
Ke
B = base of the transistor
C = collector of the
transistor
E = emittor of the
transistor
2N 4896 = transistor device
2N 4896 X 4
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The ultrasound machine was a newly acquired computerised
model (Sonopuls 434). It was used exclusively for this
study. Calibration of its output was performed using the
Sonopuls hydrophone. (Please refer to Appendix (ix) for
reference to calibration of the machine before it left
the manufacturers.) The coupling agent, Sonogel was used
in both the ultrasound and the sham ultrasound
applications. The direct contact method of insonation
was used. The speed of stroking was aided by an
electronic metronome (Boss, Japan) which helped the
investigator maintained a steady stroking speed of 2
cm/ s.
During the experiments, the heat stimuli profiles were
recorded on a chart-recorder (Graphtec, Miniwriter) at a
speed of 2.5 mm/s or 5 mm/s. The profile of the stimulus
at 42.50C is illustrated in Fig. 4. There was a drop in
temperature at the stimulator-skin interface on initial
contact, followed by the recovery to 42.5° C. Similar
profiles were obtained from the stimuli at the other
temperature levels. The duration of each stimulus was
recorded on the chart-recorder and counterchecked by a
sports stop-watch (Seiko). This stop-watch had been






















Fig. 4. A Typical Profile Of A 42.5°C Heat Stimulus.
The temperature of the stimulus was plotted against the
y - axis while its duration was recorded on the x - axis.
The 12-seconds stimulus duration was denoted by the
vertical arrows. xa' was the beginning of contact witl
the skin of the tested area. xb' was the point when the
stimulus was removed as marked by the remote control
marker.
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3.2.4. In order to obtain data on body-fat, a calibrated.
skin-fold caliper (John Bull) was used for measuring
skin-folds from four parts of the body. The sum of the
four readings was read off Durnin and Womersley 's (1974)
`percentage of body-fat' chart (Appendix (vii)). Fig. 5
illustrates the measurement taken at the mid-triceps
level.
Additionally, a tape-measure was used for measuring the
circumference of the forearm at the level of the medial
and lateral epicondyles. The former was checked for
accuracy using a, carpenter's ruler and another new tape-
measure. These data were for comparison between the
girth of the right and left forearms. To ensure the arm
and the forearm were at the required-positions at
different stages of the experiment, a longarm goniometer
(Brodin) was used to measure the angle of abduction of
the humerus at the shoulder joint and the angle of
flexion at the elbow.
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Fig. 5
Skin-fold measurement at the mid-triceps level.
The mid-point of the posterior aspect of the arm is
determined-by means of a tape measure. A mark is made at
this point. Two measurements are taken, the mean of
which is acceptable providing the difference in the two
measurements is 1 mm or less. Otherwise, further
measurements are taken. Measurements from four sites are
taken to determine the person's percentage of body-fat.
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The details for both experiments are described as
follows:-.
3.3. The method consisted of:-
the briefing session
3 short training sessions
experiment 1 and its control
experiment 2 and its control
3.3.1. The briefing session
Prior to the experimental protocols, the volunteers were
briefed in small groups (2- 4 persons per group) about
the procedures involved with demonstrations provided.
This gave the investigator a chance to get to know each
participant well and to assess his suitability for the
study. All questions pertaining to the study were
answered and the subjects were each given an information
sheet and two consent forms. Please refer to Appendices
(i) and (ii). Appointments were then arranged for each
subject to attend three training sessions on three
separate days (Appendix (iii)). It was checked that
participants were not on any medication, did not have any
abrasions, scars or any skin disease on the forearm'and
were not under any undue stress more than that normally
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encountered by tertiary-education students.
Additionally, each subject was screened for any
contraindications to ultrasound therapy. (Refer to
Appendix (viii).)
3.3.2. The training sessions
For Experiment 1, the training sessions were for the
subject to familiarize himself with ratings of the heat
stimuli. The description of each point, of the 7-
point category scale was being explained and written in
English and Chinese (Appendix (vi)). The first point was
Just noticeable and the seventh point was Very hot,
painful, intolerable. Each stimulus was of 12 seconds
duration except those rated as `7' on the rating scale
could be shorter. The subject was instructed to rate the
stimulus (except 7) from about half-way till the end of
the stimulus. At each training session, the subject was
given stimuli, at random, of 42.5, 44.5, 46.5 and 48°C.
to rate. The criteria for accepting a subject for the
study were the ability to rate 42.5°C as 15' or less and
the rating of 48°C as at least `6'. This 7- point
category scale follows the principles of earlier work by
Gybels et al., (1979) who used six points. The reason
for modifying some of the points was prompted by .the
pilot study, carried out earlier, where subjects found it
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difficult grading at the hotter end of the scale and
strongly suggested splitting the original 16' of Gybel's
chart to a 16' and-a `7'.
Throughout the training, it was emphasised that to rate a
stimulus as 11', `2' or `3', the subject must not feel
any discomfort or pain. The points of `4' or `5' would
indicate a moderately hot and hot feeling, respectively,
rather than warmth, plus some degree of discomfort or
stinging which obviously would be more in `5' than in
`4'. To rate 16', the subject must feel the stimulus as
very hot that would become painful but can sensibly
tolerate it. As for `7', as soon as the very hot painful
feeling became intolerable, the subject said 17'
immediately. The duration of `7' was timed and the
stimulus head was removed instantaneously. The danger of
a thermal injury occurring if the subject should attempt
persisting with an intolerably painful stimulus was
explained. These trial stimuli avoided the areas of skin
which would be tested on during the experiments.
During these three training sessions, any questions about
the investigational procedures, were answered. Subjects
were at liberty to withdraw from the study, if they
wished. Three subjects requested for a fourth session to
ensure they could rate correctly.
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3.3.3. The training sessions for Experiment 2.
In determining the subject's heat-pain threshold, a
protocol similar to the above experiment was carried
out. But, it was explained to the subjects the
difference between `pain-threshold' and `pain-tolerance'
as these two phenomena are often wrongly interpreted.
The test trials for heat-pain threshold were undertaken
as in Experiment 1, but again avoided the designated area
of skin.
3.3.4. The main body of Experiment 1.
The steps taken before, during and following Experiment 1
are described.
(a) On arrival, the subject was asked to take off his
jacket or outer clothes and then relaxed in a comfortable
chair for at least 5 minutes. The subject's suitability
for the experiment was checked and the following
questions were asked:-
(i) how do you feel/ how are you?
(ii) how did you sleep last night?
(iii) are you under any particular stress?
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(iv) are you taking any medication?
(v) are you hungry or thirsty?
(vi) have you just had a heavy meal?
(vii) are you happy to participate in the experiment?
(viii) what time is your-next appointment or lecture?/by
what time do you have to leave here?
(ix) do you need to go to the toilet before the
experiment commences?
(b) Then the subject answered the questions on the Part
All section of the experimental record sheet. For the full
details, please refer to Appendix (iv). This was
followed by the subject taking off his shirt for skin-
fold measurements, which were taken from the anterior and
posterior mid-points of biceps and triceps respectively,
the subscapular fold and the suprailiac fold. These
measurements were taken twice but, if they varied by more
than 1 mm then, a third measurement was taken. An
average was taken of both scores.
(c) The subject then sat on a chair with the right arm
resting on a pillow which had been positioned on a table.
The lat. and med. epicondyles of the humerus were located
and marked. After placing the elbow at 500 flexion and
the forearm in pronation, the circumference' of *the
forearm adjoining the epicondyles was taken. The mean of
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readings were taken. Then, the designated skin area for
the experiment was marked out. A line of 8 cm was drawn
extending from the lat. epicondyle inferiorly towards the
most prominent part of the ulnar styloid process on the
extensor aspect of the forearm. The points, 2 and 5 cm.
below the lat. epicondyle were marked. Then a virtually
transverse line of 3 cm. was drawn laterally. Projecting
from the end of this line, was a perpendicular which was
parallel to the first line drawn from the lat.
epicondyle. Two transverse lines at the 5 and 8 cm.
levels would result in 2 squares being marked on the
skin, each of 3 cm. (Fig. 6a).
Fig. 6a
The area of skin on the forearm for the experiment.
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(d) Testing of sharp (pin-prick), blunt (the knob of the
pin-handle and soft (cotton wool) sensations on the
designated skin-area were carried out with the subject's
face turned to the opposite direction. The process of
measuring the circumference of the forearm, marking out
and sensory testing the designated area of skin were
repeated on the left forearm. The next step involved
determining the skin-surface temperature of the 2 squares
marked on the right forearm. This was taken with a flat
thermistor, attached to the telethermometer (YSI*'400
Model 46 TUC). Likewise, step (c), the above sensory
testing and the measuring of the skin temperature were
carried out on the corresponding area on the left
forearm.
(e) Following that, the subject was asked to select the
arm he wanted to start the experiment on.' Allocation of
sham or actual ultrasound was according to a random table
on a single blind, cross-over design trial. (The
subjects were told at the briefing session that they
would receive ultrasound or sham application at random
but would not be informed about the actual `treatment' to
each arm.) However, the subject was reminded what to
expect prior to the start of the experiment.
(f) The subject lay on the plinth with the pillows
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piled up so that the trunk was at about 450 with the
horizontal. This had been determined as the best
position in order to avoid the subject having to raise
his head to look at the rating chart or having to lift
the arm above plinth level when viewing the chart. From
the pilot study, it was also indicated that the subject
should pick up the chart just prior to rating a stimulus
instead of having the chart affixed to the wall.
Previous experience revealed that if the subject did not
have some physical job to perform, the comfortable
position and warmth were very conducive to great
relaxation, thus rendering the subject less alert to the
whole experiment. A linen cover draped the subject from
the base of the neck to covering the toes but the arm
under study was exposed.
(g) The.arm, for the experiment was resting on a well-
padded plastazote splint designed specifically for the
study. The arm was positioned in 800 abduction and
resting on a pillow with a small cushion under it for
greater comfort. The wrist was supported by the splint
in about 25° extension while the fingers were slightly
flexed. The elbow was flexed at 80°. This position was
maintained for about 35 minutes (Fig. 6b).
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Fig. 6b.
Position of the arm for the experiment. It was
essential that this position was standardised
for all the subjects.
(h) Sonogel was applied to the area of the two squares
and slightly beyond in preparation for the ultrasound or
sham application. The subject was told he should not
feel any discomfort, heating or noxious sensation during
either applications. He should report any sensation
experienced apart from the movement of the ultrasonic
head over the part treated.
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The ultrasound machine was switched on which was followed
by the machine's self-test. The knob for the mode of
ultrasound (pulsed) had already been selected at the 2:8
mark-space ratio. The timing toggle switch was pressed
several times in both placebo and actual applications. In
placebo applications, the timer was left at '0' and the
intensity knob was not moved. The machine therefore did
not give any output of ultrasound. With ultrasound
applications, the timer toggle was pressed so that it
read 7 minutes. The intensity knob was turned till an
output of 0.5 W/cm2 was displayed on the output panel.
With the electronic metronome on, (at 60 crotchets to a
minute), it would take 3 beats to stroke down the 2
squares (6 cm.) and 1 beat to turn around in preparation
for the upward stroke. A stop-watch was used to time the
5 minutes of application so that for an ultrasound
treatment, the timer was still two minutes from the
preset 7 minutes duration when the stop-watch sounded.
The intensity knob was turned down and the toggle time
switch was pressed till it read 0. The machine was then
turned off. The subject could not have viewed the face
of the ultrasound machine from his position on the
plinth. Moreover, a screen was fixed on the side of the
machine as another means of ensuring it was a single-
blind experiment.
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(i) After the ultrasound or the placebo applications,
the Sonogel was gently removed with a piece of tissue
paper. The part was washed with water at room
temperature to remove any trace of the couplant followed
by gently patting the part dry. About 4 minutes after
the termination of the ultrasound or placebo application,
the skin temperature was taken at the middle of the two
squares.
(j) About five minutes. after the termination of the
ultrasound or placebo application (the time required for
the removal of the gel and skin-temperature measurement),
the heat-stimulator was gently placed on the proximal
square. The force applied by the stimulator head ranged
from 50- 70 gm., that was roughly about, 10 gm./cm2 as
the active interface (plane) area of the probe was
approximately 5.9 cm2 (diameter= 2.75 cm). Just before
applying the stimulator, the investigator alerted the
subject by saying `ready' and then `go' on its contact
with the skin. Simultaneously, the investigator pressed
the remote control marker switch to the chart recorder
and the stop-watch to time 12 seconds for the stimulus.
On completion of the 12 seconds or possibly less when a
17' was rated, the investigator also instantly switched
off the remote control marker and the stop-watch. The
subject provided the rating of the stimulus.
88
(k) The part stimulated was then allowed to rest for 3
minutes while it cooled down. If the feeling from the
previous stimulus still persisted after 2 minutes, the
investigator fanned the part gently. This was usually
not necessary except for very few subjects and that was
after ratings of 16' or 17'. Up to about 30 seconds
fanning was sufficient for all the subjects who required
help with cooling the part after a higher temperature
stimulus. The process was repeated till all the 8
stimuli had been tested, alternating between the upper
and lower squares. This precaution had been taken to
prevent any thermal injury from occurring and also to
minimise effects such as temporal suppression as a result
of repeated stimulation of the same site. On completion
of the experiment, the subject got off the plinth to
stretch a little or went to the toilet, if necessary.
These steps (e- k) were repeated on the other forearm
and the remaining option, namely ultrasound or sham
ultrasound application was applied. On final completion
when both arms have been treated, the subject was settled
and thanked for his help. Ratings from the non-insonated
controls were carried within out within 4- 7 days of the
experiment in a cross-over design protocol.
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3.4. Experiment 2.
3.4.1. Preparation for Experiment 2.
The criteria, preparation and training were similar to
Experiment 1, except each subject was trained to
determine the heat-pain threshold instead of the 8 heat
stimuli. The heat-stimulus provided had a baseline
temperature of 42°C for 12 seconds followed by a ramp up
to 480C. The rate of rise in temperature during the ramp
at the stimulator-skin interface was about 0.2°C/s. It
was ensured the subject clearly understood the possible
dangers associated with this experiment if he did not
adhere to the instructions given. With full co-operation
from the subjects, they were not exposed to temperature
levels greater than their pain tolerance. In fact, the
highest heat-pain threshold reached was 46.80C (subject
04 Appendix (x)f). After the three training sessions on
the extensor aspect of the forearms, but excluding the
designated areas for the experiment, the subject was
confident in determining the heat-pain threshold.
3.4.2. The main body of Experiment 2.
The method in most respects was repeated as in Experiment
1. The form used for this experiment is illustrated in
90
Appendix (v). Of the 20 subjects in this experiment, 7
of them had participated in Experiment 1 and they were
therefore very familiar with the protocol.
(a) Once the subject had answered the relevant questions
and was considered suitable for participation in the
experiment, he then sat in a comfortable chair and rested
for 5 minutes. Then, the body-weight and height of the
subject were recorded. Measurements for skin-folds,
circumference of the forearm, marking out and brief
sensory testing of the area of skin on the forearm were
carried out. The temperature of the skin area was taken.
After the application of ultrasound or sham ultrasound,
the skin temperature of the designated area was measured
again by the telethermometer. During the application of
the heat-stimulus, the subject was required to press the
remote switch twice, which were markers on the chart-
recorder. The first mark was at the point when the heat
stimulus was applied to the skin whilst the second was at
the point of the heat-pain threshold. The temperature of
heat-pain threshold was recorded. Data from the non-
insonated controls were taken at a similar interval of 4-
7 days of the experiment in a cross-over design. The
results of these two experiments and the statistical




This section consists of relevant tables of data,
bar-charts and analysis of such data from the two
experiments. In the tests of significance, the critical
value decided by the investigator was 0.05. (p= 0.05).
Further details of the raw data from the two experiments
are set out in Appendix (x).
The full terminology -for abbreviations used in the







Ctrl(US)- baseline (non-insonated) controls of the
forearm which received ultrasound in the main
part of the experiment.
Ctrl(Sh)- baseline (non-insonated) controls of the
forearm which was mock-insonated in the main
part of the experiment.
T - temperature.
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The tables beginning with the prefix `1' refer to results
obtained from the 42.5°C stimuli. Likewise, tables
prefixed by 12', are from 44.5°C '3', are from 46.5°C
and 14' refer to the 48.0°C ratings. The percentage for
the frequency of pooled ratings are also given in Tables
lE, 2E, 3E and 4E. As for heat-pain tolerance, the
tables begin with 15'. For the heat-pain thresholds in
Experiment 2, the raw data are presented in Table 6,p.213.
4.1. Results of Experiment 1 (Ratings of the thermal
stimuli and duration of heat-pain tolerance.)
4.1.1. Stimuli at 4 different temperature levels were
rated after the application of 3 MHz, pulsed ultrasound
of mark-space ratio 2: 8 at an intensity of 0.5 W/cm2 to
an area of 18 cm2 on the extensor aspect of the forearm,
for 5 minutes duration, by means of the direct contact
method through Sonogel coupling medium. Similarly,
these stimuli were rated after the application of sham
or mock (placebo) ultrasound to the other forearm. A
third and fourth set of baseline ratings under normal,
non-insonated conditions were obtained from both
forearms, successively, in this cross-over design
experiment. The baseline ratings were obtained 4 to 7
days before or after the true and sham ultrasound
applications.
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4.1.2. The raw data of the 30 subjects' ratings of 8
heat stimuli (applied at random), of which there were two
stimuli at each temperature level of 42.50C, 44.50C, 46.5°
C and 48°C are shown in Tables 1, 2, 3 and 4 respectively
in Appendices (x)a to (x)d. Randomisation tables of the
heat stimuli applied after ultrasound and sham insonation
were obtained prior to the commencement of the
experiments. The method consisted of putting eight
identical cards into a cloth-bag. Two of the cards had
42.50C written on them. Likewise, the other three
temperature levels had been written on their respective
pair of cards. The sequence of the cards as they were
drawn from the bag was transferred to the recording form.
It was not possible to view the cards before or during
the process of withdrawing them from the cloth-bag. The
procedure was repeated for all the forms. These forms
were placed in a hard-cover filing box with access only
from the top of the box. Hence, as a form was randomly
picked from the box, at the start of each experiment,
the sequence table of the heat stimuli could not be
viewed till almost the entire form had been withdrawn.
4.1.3. For the purpose of statistical analysis, the
mean of each pair of ratings (1st and 2nd stimuli),
obtained from the ultrasound, sham-insonation and. non-
insonated controls at each of the four temperature
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levels was calculated. The data are illustrated in
Tables 1A, 2A, 3A and 4A. In striving for accuracy, it
necessitated applying two stimuli at each of the four
temperature levels. If replication of the ratings could
be obtained, it would indicate greater reliability of the
methodology. However, if more than two stimuli were
applied at each of the four temperature levels, the
experimental protocol would have taken much longer than
one and a-half hours. This could have given rise to a
decline in the subject's concentration span. The
possibility of fatique setting in and producing
inaccurate results were considered. Evaluation of the
pilot study confirmed these factors with respect to the
duration of the experiment.
As it was appropriate to select the Wilcoxon Matched-
pairs Signed-ranks Test to aid analysis and inference of
the experimental results, the ratings had to be matched
in pairs. Although some information of the ratings would
be lost by averaging the first and second stimuli
ratings, this disadvantage is small compared to the
advantage of producing matched-pairs. The mean rating of
the non-insonated control, (*Control) as shown in Tables
1A- 4A, was obtained from the mean of the two mean
ratings, ctrl (US) and ctrl (Sh), (one of each forearm).
This inference was possible as the Sign Test showed there
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were no significant differences between the mean ratings
of both non-insonated forearms. The calculations are
presented at the bottom of each table. (Tables 1A- 4A).
The Null Hypothesis for ratings at each temperature level
was the ctrl (Sh) ratings are not significantly
different from the ctrl (US) ratings. In each case, the
Null Hypothesis could not be rejected as indicated at the
end of Tables 1A- 4A. The final figures for the mean
ratings of heat stimuli after insonation, sham-
ultrasound and non-insonated controls are presented in
Tables 1B, 2B, 3B and 4B.
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Table 1A: The stimuli were rated from the 7-point scale.
The mean of the 1st. and 2nd. thermal stimuli
ratings at 42.50C after the application of US
Sh. insonation at the experimental session and
non-insonated controls at a separate session.



































Sign Test:(x=no.of the fewer sign)
A forearm of the subject was Ctrl (Sh) Ctrl (US)= 6
randomly selected for US or trl (Sh) Ctrl (US)= 7
Ctrl (Sh) =Ctrl (US)=17Sh. application for 5 rains.
Then, 8 thermal stimuli were
applied with a hand-held,feed-
p =1.0 (2-tailed)back controlled electrically
powered stimulator of contact
No significant differencearea of 5.9 cm2. Interstimulus
time was 3 mins.
N = 13; x = 6;
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Table 2A: The mean of the 1st. and 2nd. stimuli ratings
at 44.5°C after the application of US Sh.
insonation at the experimental session and
non-insonated controls at a separate session.







3.5 4 4 406
4.5 5 5 507
5.5 6 5.508 5
09 4 3.5 5 4.5
10 3 3.5 3 3
11 5 6 6 6
12 5 5 5 5
13 4 4 4.5 4
14 3.5 4.5 4 4
15 3.5 3 4 3
16 3.5 5 4.5 4.5
17 3 3 3.5 3.5
18 2 2.5 33
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Table 2A (continued)












30 54 4.5 5
Sign Test: (x=no. of the fewer sign)
N = 14; x = 6;
Ctrl (Sh) >Ctrl (US) = 6
Ctrl (Sh) <Ctrl (US) = 8
Ctrl (Sh) =Ctrl (US) =16
p = 0.69, 2-tailed
No significant difference.
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Table 3A: The mean of the 1st. and 2nd. stimuli ratings
at 46.50C after the application of US Sh.
insonation at the experimental session and
non-insonated controls at a separate session.





5.5 5.5 5.504 5
5.5 605 4.5 6
06 2.5 4 4 4
07 55 5.5 5.5
08 65.5 6 6.5
09 4.5 6 6 6
10 4.54.5 5 5
11 6 6.5 66.5
12 5 5.5 6 5
13 4 4.5 5 4.5
14 55 5 5
15 4.54 5 4.5
16 4 5 5.5 5.5
17 5 5.5 5.5 5.5
18 3.5 4 5 5
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Table 3A (continued)













Sign Test: (x=no. of the fewer sign)
Ctrl (Sh) Ctrl (US)
Ctrl (Sh) Ctrl (US)




Table 4A: The mean of the 1st. and 2nd. stimuli ratings
at 48.OOC after the application of US Sh.
insonation at the experimental session and
non-insonated controls at a separate session.








6.5 7 707 6.5
708 7 77
709 7 7 7
7 710 6.5 7
11 7 7 77
7 712 6 7
713 7 7 7
6.5 614 6 6
715 7 7 7

































































Sign Test: (x=no of the fewer sign)
Ctrl (sh) Ctrl (US)= 4
Ctrl (Sh) Ctrl (US)= 5




Table 1B: The mean of the 1st. and 2nd. stimuli ratings
at 42.5°C.






































Table 2B: The mean of the 1st. and 2nd. stimuli ratings
at 44.5°C.






































Table 3B: The mean of the 1st. and 2nd. stimuli ratings
at 46.50C.





































Table 4B: The mean of the 1st. and 2nd. stimuli ratings
at 48.OOC.









































4.1.3. Bar charts (Figs. 7 -22) display the pooled
results of the frequency of the mean ratings of the
first and second thermal stimuli (at each of the four
temperature levels), after the application of ultrasound,
sham- ultrasound and the non-insonated controls. Figs.
7- 9 represent the distribution of the mean ratings at
42.5°C after ultrasound, sham-insonation and at the non-
insonated control, respectively.
The comparison of the frequency of these three ratings is
shown in Fig. 10. At this temperature level, it is
evident from Tables 1A, 1B, Figs. 7, 8 and 10, the mean
score of 13' (clearly warmer) was most frequently rated
(by 10 subjects) in both ultrasound and sham applications
at 42.5°C. Besides 13', the next most frequent rating
was `4' (moderately hot, slightly stinging). As mean
ratings were represented in the charts, the 13.5' value
would have been from a `3' and a `4' score. Twenty
subjects rated 13' or 14' after ultrasound while 21
subjects rated likewise after the sham insonation. Nine
subjects provided lower mean scores than `3' after
insonation as compared to six, after sham ultrasound. On
the contrary, 3 gave mean scores higher than 14' after
sham ultrasound, in comparison with only 1, after the
ultrasound application.
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In both the Wilcoxon and the Sign Tests, there were 10.
lower ratings following the ultrasound than after sham
insonation. With 18 ties and only 2 post-sham scores
higher than those after insonation, they indicated that
after the ultrasound, the sensitivity of the tested area
was significantly reduced as shown in Tables 1C and 1D.
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Analysis of data was carried out to test for significant
difference between the ratings after ultrasound and sham
ultrasound respectively. The Null Hypothesis employed
was, the ratings of 42.5°C thermal stimuli after
ultrasound were not significantly different from the
ratings after sham ultrasound (Table 1C).
Table 1C. Wilcoxon Matched-pairs Signed-ranks Test.
(US and Sh. ratings of 42.5°C stimuli).
Cases R;=ml Type
US Ratings Sham Ratings
US Ratings Sham Ratings








Result: Rejected Null Hypothesis and accepted alternate
hypothesis that there was a significant
difference between the ultrasound and sham
ratings.
The results of the Sign Test are laid out in Table ID.
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Table 1D. Sign Test (US and Sh. ratings of 42.5°C
stimuli).
TypeCases
10US Ratings Sham Ratings
2US Ratings Sham Ratings




Of the non-insonated controls, 21 subjects also rated
mean scores of `3' to 14' (Fig.9). 4 subjects provided
mean scores below `3', while 5 subjects rated higher
than 14'. Therefore, for the majority of subjects, there
was no change in the ratings of thermal stimuli. Where
there was a change, it was more likely that a lower
rating was obtained after pulsed ultrasound. These
findings are presented numerically in Table 1E.
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Table 1E. Comparison of distribution of ratings after
heat stimuli at 42.50C.
Heat Stimuli Ratings
Ratings TotalRatingsRatingsAfterGrout





From Table 1E, it can- be seen that the majority of the
scores are centred around `3' and `4' for all the 3
groups of stimuli. The difference between the ratings of
Groups I and II are greater than the difference between
Groups II and III, suggesting the sensitivity-reduction
effect of ultrasound. However, it was not very marked as
the lowest mean score was 12' and the highest,
14.5' (Table 2A). The range of ratings has nearly
overlapped with those of the other two groups. To test
whether there were any significant differences between
the ratings of the sham-ultrasound and the non-insonated
controls, the Sign Test was employed. The results may
implicate the possibility of a placebo effect with sham
ultrasound.
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The Null Hypothesis employed was that the ratings of
42.5°C thermal stimuli after sham ultrasound were not
significantly different from the ratings of non-insonated
controls.
Table IF: Sign Test (Ctrl. and Sh. ratings of 42.50C
ctimu1il
TypeCases
6Control ratings Sham Ratings
11Control ratings Sham Ratings
13Control ratings= Sham Ratings
30Total
-tailed- binomial)
Result: Not significant, Null Hypothesis was not rejected.
4.1.4. Figs. 11- 13 are bar charts showing the
distribution of the frequency of the mean ratings of
the first and second stimuli at the 44.5°C level after
ultrasound, sham insonation and at the non-insonated
controls, respectively. Fig. 14 shows the comparison of
the distribution of the three types of mean ratings.
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From Tables 1A and 1B, Figs. 11, 12, 13 and 14, it can be
seen that the majority of all the ratings were between
`3' and `5' (hot, clearly stinging). Some trends were
observed. After ultrasound application, 28 out of the 30
subjects rated the stimuli as `5' or below. This
compared with the 25 mean ratings after sham-ultrasound
and 24 at the non-insonated controls. For the latter two
groups of ratings, 15' was rated most frequently (9
subjects in both instances) as compared to 5 subjects in
the ultrasound group. 17 subjects' ratings in* the
insonated group fell between 13' and 14'. These results
indicated clearly that in the majority of subjects, the
mild analgesic effect of pulsed ultrasound was evident.
This data was subjected to the Wilcoxon and Sign Tests,
respectively. It was highly significant that there was a
decreased sensitivity in the tested area following
ultrasound than in the other two groups. The results are
shown in Tables 2C and 2D, respectively.
Null Hypothesis: The ratings after ultrasound, of 44.5°C
thermal stimuli were not significantly different from the
ratings ratings after sham ultrasound.
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Table 2C: Wilcoxon Matched-pairs Signed-Ranks Test.
. (US and Sh. ratimgs of 44.5°C stimuli).
Rank TypeCases
12.8622US Ratings Sham Ratings
8.52US Ratings Sham Ratings
6US Ratings= Sham Ratings
30Total
-tailed)
Result: Highly significant. Null Hypothesis was rejected.
Table 2D: Sign Test (US and Sh. ratings of 44.50C
stimuli).
TypeCase:
22US Ratings Sham Ratings
2US Ratings Sham Ratings
6US Ratings Sham Ratings
30Total
-tailed binomial
Result: Highly significant difference.
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The comparison of the distribution of ratings after
44.50C stimuli are summarised numerically in Table 2E.




3(%) 3- 4(%) 4(%)
3 10 17 56.7 10 33.3 30USI
1 3.3 12 40 17 56.7 30ShamII
Non-inson.III
8 26.7 22 73.3 300 0Ctrls
From Table 2E, it can be inferred that there was a
possible mild placebo effect accompanying the sham
ultrasound for some subjects. When compared to the 22
ratings of the non-insonated controls, only 17 subjects
rated `4'. However, the Sign Test (Table 2F) did not
indicate any significant difference between the sham
ultrasound and the non-insonated control ratings. Any
placebo effect with mock-insonation may have been just
coincidental.
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The Sign Test was repeated for determining any
significant difference between the non-insonated controls
and sham ultrasound ratings (Table 2F). The Null
Hypothesis was the ratings of 44.5°C thermal stimuli
after sham ultrasound were not significantly different
from the ratings of the non-insonated controls.
Table 2F. Sign Test (Ctrl. and Sh. ratings of 44.5°C
stimuli).
TypeCase
8Control ratings Sham Ratings
13Control Ratings Sham Ratings
9Control Ratings= Sham Ratings
30Total
-tailed binomial)
Result: Not significant, Null Hypothesis was not rejected.
4.1.5. The pooled results of the mean ratings of the
first and second thermal stimuli at 46.5°C after the
application of ultrasound, sham-ultrasound and at the
non-insonated control are illustrated in bar-charts
(Figs. 15- 18).
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From these charts and Table 3A, 19 subjects rated 14- 5'
following ultrasound as opposed to 12 and 8 subjects
after sham ultrasound and the non-insonated control,
respectively. 20 subjects provided mean ratings above
15' in the sham ultrasound group which was fairly close
to the 22 in the non-insonated group. These contrasted
with just the 9 subjects in the ultrasound group. It was
found that the highest bar (most number of subjects) was
at `5'in the ultrasound group but, it was at `6'(Very
hot, painful, tolerable), for the other groups. It was
unusual that the subject (subject 06) had a mean rating
of 12.5' in Group I as this was not consistent with his
rating of 13' at the 42.5°C level 13.5' for the 44.5°C
stimuli and 15' for the 48°C stimuli.
As for the other data at the other temperature levels,
the Wilcoxon and Sign Tests were used to test for
any significant differences between the matched ratings
of the three groups. The results are expressed in Tables
3C, 3D, 3E and 3F.
Tull Hypothesis: The ratings of 46.5°C thermal stimuli
after ultrasound were not significantly different from
the ratings after sham ultrasound.
Table 3C. Wilcoxon Matched-pairs Signed-Ranks Test.
(US and Sh. ratings of 46.5°C stimuli).
Cases Rank Type
US Ratings Sham Ratings
US Ratings Sham Ratings







z = -4.19 d = 0.0000 (2-tailed)
Result: Highly significant difference in the ratings
of the two groups.
The next table presents the results of the Sign Test.
Table 3D. Sign Test (US and Sh. ratings of 46.5°C
stimuli).
Cases
US Ratings Sham Ratings
US Ratings Sham Ratings






Result: Highly significant difference.
The distribution of the ratings of the three groups are
summarized in Table 3E.
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From Table 3E, it can be clearly seen that subjects
rated the thermal stimuli lower after ultrasound than in
the other two situations. Again, the Sign Test was used
to ascertain if there were significant differences
between the ratings of Groups II and III (Table 3F).
Null Hypothesis: The ratings of 46.5°C thermal stimuli
after sham - ultrasound were not significantly different
from the ratings of the non-insonated controls.
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Table 3F: Sign Test (Ctrl and Sh. ratings of 46.5°C
stimuli).
TypeCases
3Control ratings Sham Ratings
10Control ratings Sham Ratings




Result: Not significant, Null Hypothesis was not rejected.
4.1.6. The mean ratings of the first and second 48°C
stimuli after the application of ultrasound, sham
insonation and at non-insonated control are pooled and
shown on bar charts (Figs. 19- 21). Fig. 22 shows a
comparison of the distribution of the mean ratings of the
three groups. It is obvious at this definite nociceptive
level that the majority of the ratings in the three
groups was 17'(Very hot, painful, intolerable). However,
in the ultrasound group, there were 10 instances of
ratings lower than 17' as opposed to 4 and 3 in the sham
ultrasound and the non-insonated control groups,
respectively.
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The data obtained at the 48.0°C level were subjected to
the Wilcoxon and Sign Tests, respectively. The Null
Hypothesis was stated as, The ratings of the 48°C
thermal stimuli after ultrasound were not significantly
different from the, ratings after sham ultrasound.
Table 4C. Wilcoxon Matched-pairs Signed-Ranks Test.
(US and Sh. ratings of 48.OOC stimuli).
TypeRankCases
5.09US Ratings. Sham Ratings
00US Ratings Sham Ratings
21US Ratings= Sham Ratings
30Total
2.-taileaj
Result: Highly significant difference. Null
Hypothesis was rejected.
Likewise, the result of the Sign Test is shown in Table
4D.
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Table 4D. Sign Test (US and Sh. ratings of 48.0°C
stimuli).
TypeCases
9US Ratings Sham Ratings
0US Ratings Sham Ratings
21US Ratings.= Sham Ratings
30Total
binomialtailed
Result: Highly significant difference.
The distribution of the ratings of heat stimuli at 48°C.
are condensed in Table 4E.
Table 4E. Comparison of distribution of- ratings after
heat stimuli at 48.0°C.
Heat Stimuli Ratings
TotalRatingsRatingsRatingsGroup After
5.5(%) 5.5- 6.5(%) 6.5(%)
26.7 20 66.7 3082 6.7USI
13.3 26 86.7 3040 0II Sham
III Non-inson.
10 27 90 3030 0ctrls
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The mild reduction in cutaneous sensitivity is evident
from the above table. The mean ratings in Groups II and
III are very similar. The Sign Test (Table 4F) showed
that the ratings between Groups II and III was not
significant.
Null Hypothesis: The ratings of 48.0 °C thermal
stimuli after sham- ultrasound were not significantly
different from the ratings of the non-insonated controls.
Table 4F. Sign Test (Ctrl and Sh. ratings of 48.0°C
stimuli).
TypeCase
2Control ratings Sham Ratings
1Control Ratings Sham Ratings
27Control Ratings= Sham Ratings
30Total
p=not available from tables.
Result: Null Hypothesis was not rejected.
4.1.7. All the 48.0°C stimuli which were rated as x7' .
were timed. The stimuli rated x6' or less are asterisked
(). The raw data are indicated in Table 5, of Appendix
(x)e. They showed the duration of heat-pain tolerated
(pain-tolerance) for each 48°C stimulus was generally
longer after ultrasound than those in the control groups.
The heat-pain tolerance after insonation was compared
with that after sham ultrasound using the Paired -samples
t-test and the Sign Test. It was only possible to
include the data of 20 subjects who had rated 7 for
the t-test. Of these subjects, the mean duration of
heat-pain tolerance was longer for the post-ultrasound
ratings (7.69 s) as compared to the post-sham ultrasound
ratings (6.43 s). Although the different lengths of time
(in s) required to reach heat-pain tolerance have been
presented to two decimal places, the investigator did not
claim such accuracy. The figures presented were those
recorded on the stop-watch. Results of the paired-
samples t-test (p=0.024) and the Sign Test (p=0.001)
showed the duration required to reach heat-pain tolerance
after ultrasound was significantly longer than after
sham ultrasound (Fig 5A and Appendix (x)e).
Null Hypothesis: The respective duration of heat-pain
tolerance of the 48°C stimuli, after ultrasound and sham
ultrasound were not significantly different.
Table 5A: Paired-samples t - test of time required to
reach ratings of 7 at 48°C after the









US 20 7.69 1.98 0.44
Sham 20 6.43 2.14 0.48
t - value = 2.45, degree of Freedom = 19
p = 0.024 (2-tailed).
Result: Significant. Longer duration to heat-pain
tolerance after ultrasound.
Paired-samples t - test was also employed to test for
t
significance, in the difference in heat-pain tolerance
between the post-ultrasound duration and the non-
insonated controls. There was a significant increase in
the duration after pulsed ultrasound (p = 0.014) in the
20 subjects available for the statistical test. The mean
duration of non-insonated controls heat-pain tolerance
with 48°C stimuli was 6.49 s. This turned out to be of
very nearly the same duration as that following sham
ultrasound. The results are shown in Table 5B.
Null Hypothesis: The duration of heat-pain tolerance
after ultrasound was not significantly different from the
duration of heat-pain tolerance after non-insonated
controls.
Table 5B: Paired-samples t - test of time required to
reach ratings of 7 at 48°C after the











US 20 7.69 1.98 0.44
Ctrls 20 6.49 2.21 0.49
t - value = 2.72; degree of Freedom = 19.
p = 0.014 (2-tailed).
Result: Significantly longer duration of heat-pain
tolerance after ultrasound than with normal,
non-insonated control.
It must be emphasised that 10 subjects out of the 30 had
rated at least one of the two post-ultrasound heat
stimuli as x6' or less. Of these 10 instances, 9 of the
ultrasound ratings were lower than the sham ultrasound
ratings. Therefore, the obvious indication that the
heat-pain tolerance has not been reached in the 9
subjects during those experiments is hereby pointed out
to give greater support to the interpretations of the
Paired- samples t - test. The other analysis using the
Sign Test with the data of the 30 subjects showed that
the longer duration to reach heat-pain tolerance was
highly significant after the application of ultrasound as
compared to that of sham ultrasound and the non-insonated
controls (p = 0.003). Please refer to Appendix (x)e.
4.2. Results of Experiment 2. (Heat-pain thresholds).
4.2.1. 20 subjects participated in this cross-over design
experiment. The ultrasound parameters involved were
identical to those in Experiment 1. • However, the
experimental stimulus was of 42°C for 12 seconds followed
by a ramp to 48°C. Table 6 (Appendix (x)f) provides the
temperature levels at which the subject's respective
heat-pain thresholds were perceived after ultrasound,
sham insonation and from the normal, non-insonated
control situation for each of the subjects.
Out of the 20 pairs of heat-pain thresholds measured
after ultrasound and mock-insonation, 1 pair recorded the
same temperature whilst 14 were classified under, the
pain-threshold temperature after ultrasound was higher
than that after sham ultrasound . However, the Wilcoxon
Test indicated this difference was not significant (p =
1.0? 2-tailed) as shown in Table 6A. On application of
the Sign Test, it was also insignificant (p = 0.06) (Fig.
6B) .
Table 6A. Wilcoxon Matched-pairs Signed-Ranks Test.
T of US and Sham heat-pain thresholds.
Cases Rank Type
US pain-thresh. Sh pain-thresh.
US pain-thresh. Sh pain-thresh.







z = - 1.63 p = 1.0 (2-tailed).
Result: Not significant.
Table 6B. Sign Test (T of US and Sh. heat-pain thresholds).
Cases Type
US pain-thresh. Sh pain-thresh.
US pain-thresh. Sh pain-thresh





p = 0.06 (2-tailed). Result : Not significant.
The difference in the heat-pain threshold temperature
of each pair of non-insonated controls were also
subjected to the Wilcoxon Test. They were not
significantly different (p = 0.55; 2 - tailed) as
, ,
presented in Table 6C. It was even less significant with
the Sign Test (p = 0.63; 2 -tailed) (Table 6D)
Table 6C. Wilcoxon Matched-pairs Signed-Ranks Test.
t
(T of non-insonated controls heat-pain thresholds)
Cases Rank Type
Ctrl (US) T Ctrl (Sh) T
Ctrl (US) T Ctrl (Sh) T







z = - 0.59 p = 0.55 (2-tailed)
Result: Not significant.
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Table 6D. Sign Test (T of non-insonated ctrls heat-pain
thresholds).
TypeCases
10Ctrl (US) T Ctrl (Sh) T
7Ctrl (US) T. Ctrl (Sh) T




As the above test indicated the differences in the
temperature levels of heat-pain thresholds were not
significant, the mean was found for each pair of non-
insonated controls (Table 6E).
Table 6E. Raw data for temperature of heat-pain thresholds.
in °C. (Experiment 2).
(ctrl is the mean T. of the 2 ctrls) .


















































































4.2.3. The duration to the point of heat-pain threshold
was also recorded. The raw data are in Table 7 of
Appendix (x)g. The mean duration after ultrasound was
25s whilst that after sham ultrasound was 25.2s. The
means for both non-insonated controls were 24.1 and 24.3
seconds respectively. For determining if there was any
significant difference between the two lots (one from
each arm) of the non-insonated controls, Table 7A
revealed there was no significant difference (p = 1.0;
Sign Test).
Table 7A. Sign Test (Duration to reach heat-pain
thresholds of the ctrls).
Cases Type
Ctrl (US) time Ctrl (Sh) time
Ctrl (US) time Ctrl (Sh) time





p = 1.0 (2-tailed). Result: Not significant.
Therefore, the duration to heat-pain threshold after
ultrasound, sham ultrasound and the mean from the non-
insonated controls are presented in Table. 7B.
Table 7B. Raw data on duration of stimuli to heat-pain
threshold following ultrasound, sham ultrasound
and the means of the non-insonated controls.
)uration in seconds (after

















































































The respective pairs of measurements were subjected to
paired-samples t - test to determine whether there were
any significant differences between them Tables 7C, 7D
and 7E).
Null Hypothesis: The difference in the means of the
ultrasound and sham ultrasound variables were
significant. (Only the variables are substituted in
Tables 7D and 7E.)
Table 7C. Paired samples t -test.









Sham 20 25.2 4.36 0.97
Ultrasound 20 25.0 4.21 0.94
t - value = 0.47; degrees of Freedom = 19
p = 0.645 (2-tailed)
Result: Not significant.
Table 7D. Paired samples t -test.









Ultrasound 20 25.0 4.21 0.94
Non-inson. Ctrl 20 24.2 4.69 1.04
t - value = 1.68; dearees of Freedom = 19.
p = 0.11 (2-tailed)
Result: Not significant.
Table 7E. Paired-samples t - test.










Sham 20 25.2 4.36 0.97
Non-inson.Ctrl 20 24.2 4.69 1.04
t - value = 3.15? degrees of Freedom = 19
o = 0.005 (2 tailed)
Result: Highly significant. Possibly due to placebo
effect of sham ultrasound.
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Besides the above data, other variables such as, the
percentage of body fat and the girth of the forearms were
taken to see if the response in heat stimuli may be
influenced by differences in subcutaneous fat. Despite
the range of physique,- in terms of body-weight and
percentage of body-fat was not very narrow, it was not
apparent that these factors affected the outcome of the
ratings of the thermal stimuli or the heat-pain
threshold. The subjects ratings of stimuli at the four
temperature levels were correlated with the percentage of
body fat. But, there was no correlation. An example of
the calculations is in Table 8A, Appendix (x)h for the
42.5°C stimuli ratings.
Summarised tables are used to illustrate the data
obtained for the body-weight (Table 9), percentage of
body-fat (Table 10) and girth of the Wright and left
forearms (between the epicondyles of humerus),
respectively (Tables lla and llb). The raw data for
these three groups of measurements are in Appendix (x).
Table 7 (Appendix (x)g illustrates the raw data on the
duration of the stimuli which were required to reach
pain-threshold
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Experiment 1.30 45 - 86 61.9 8.14
Experiment 2 20 55 - 75 63.8 5.72
Table 10. The percentage of body-fat of subjects in
Experiments 1 and 2, respectively.
Measurements were'' taken of the subscapular
fold, suprailiac fold and the respective mid-
levels of the anterior aspect (biceps) and
the posterior aspect (triceps) of the upper
arm.
StandardMeanRangeNo. of
Deviationsubjects ( % )
Experiment 1. 30 9.5 - 22.3 14.87 3.44
Experiment 2. 20 9.6 - 22.3 15.69 3.68
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Table lla. Girth of the right forearms at the level of
the medial and lateral epicondyles.
StandardMeanRangeNo. of
Deviationsubjects (cm)
Experiment 1. 30 21.7- 27.6 24.54 1.31
Experiment 2. 20 23.1- 27.0 24.93 1.1
Table lib. Girth of the left forearms at the level of
the medial and lateral epicQndyles.
StandardMeanRangeNo. of
Deviationsubjects (cm)
Experiment 1. 30 21.4- 27.3 23.98 1.31
Experiment 2. 20 22.8- 26.8 24.2 1.23
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From the four tables above, it could be noted that the
standard deviation of the four variables were relatively
small.. This was particularly so, with regard to
percentage of body fat, where the mean and S.D. for
Experiments 1 and 2 were, 14.87%,± 3.44 and 15.69%±
3.68, respectively. Similarly, the girth of both
forearms presented very small standard deviations. These
data illustrated that variations in the subjects'
physique were indeed, very small. This was not suprising





The results of Experiment 1 indicated that 3 MHz, 0.5
W/cm2 pulsed 2: 8 ultrasound firstly, reduces the
sensitivity, of the skin to warmth and heat nociceptive
stimuli when measured from about 5 minutes after
insonation. Secondly, sham ultrasound did not have
significant placebo effects although the ratings were
higher in the non-insonated control group than those
after sham insonation. The duration of heat-pain
tolerance was significantly increased. From the findings
of Experiment 2, the mean heat-pain threshold after
ultrasound (44.96°C) was higher than after sham
insonation (44.76°C) and the non-insonated controls
(44.77°C). All these findings support the experimental
hypotheses as,stated on p. 9 of Section 1 (Introduction).
5.1. Introduction.
The intensity of a thermal stimulus sensed by a subject
varies with his skin temperature (Neisser, 1959). As the
skin temperature rises in the part where the stimulus is
applied, the perception can be related to four different
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types of thresholds (Melzack and Wall, 1983). These can
be considered:- a) sensation threshold (lower threshold)
where the lowest stimulus value at which a sensation of
warmth) is first perceived, (b) pain perception threshold
or the lowest stimulus value at which the person reports
the stimulation as painful, (c) pain tolerance (upper
threshold) is, the lowest stimulus level at which the
subject withdraws or asks to have the stimulus stopped
and (d) encouraged pain tolerance, where the person is
asked to tolerate higher levels of stimulation. Stimuli
with all the above except the fourth type of threshold
were employed-in this study.
Sternbach and Tursky (1965) found that all people have a
uniform sensation threshold. However, cultural
background has a powerful effect on the pain perception
threshold of the individual. It was found for example,
that Jews and Mediterranean people had lower pain
thresholds than the Northern Europeans (Hardy, Wolff and
Goodell, 1952). Pain tolerannce variation depends on
ethnic background (Sternbach and Tursky, 1965 Lambert,
Libman and Poser, 1960). With these factors in
mind the current study's experimental steps were
standardised for the Chinese subjects so that accurate
interpretation of the results would be possible.
Starting from the beginning of the experiment, the 5
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minutes rest prior to the experiment enabled the subject
to relax and to get accustomed to the experimental
environment. Even though the room temperature and the
humidity were controlled, it was important to keep the
subject warm by means of a light cover. The body or skin
temperature was kept as constant as possible to prevent
any undue excitation of the central nervous system (CNS)
and the cutaneous receptors.
Another way of controlling for accuracy was to ensure
that subjects did not have any obvious sensory deficits.
Hence, pin-prick, blunt and cotton-wool tests were
carried out. Although these tests may be considered
rather crude, yet they were useful and clinically
acceptable. After the application of ultrasound and sham
insonation, great care was taken when cleaning the skin
so as not to unduly increase the normal. state of neural
activities. Then, in applying the thermal 'stimuli, care
was taken not to sensitize the heat receptors and
nociceptors (Perl, 1976). The testing avoided stimulating
the same area. of the skin repeatedly as damage to it can
lead to hyperalgesia (Procaci, 1979). Therefore, the
stimuli were applied to the two squares alternatively.
It was planned to allow the skin to cool naturally bl
adopting an interstimulus break of 3 minutes,
Consequently, there was no clear. evidence of
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sensitization. The erythema after the experiment was
only very slight with most subjects. Rather than testing
with dozens of heat stimuli, (LaMotte and Campbell, 1978
Handwerker et al., 1982 Robinson et al., 1983), this
study utilised only 8 stimuli.
This study avoided repeated subthreshold tests stimuli
which may alter the skin sensitivity for long intervals
of time (Haugen and Livingston, 1953). After removal of
the stimulus, the sensation may linger on and thus,. this
aspect should receive attention in psychophysical studies
(LaMotte et al., 1984). In this study, the subjects
confirmed they could rate as reproducibly as possible
using the 7- point rating scale. 'Moreover, with prior
practice, it was ensured that when the stimulator was
applied to the skin, mechanical effects were minimised as
far as possible to prevent excessive stimulation of low
threshold mechanoreceptors. In turn, they would give rise
to spatial and temporal summation and affect perception
of the heat stimuli. The stimulator was rested gently on
the skin when.applying the thermal stimuli. The pressure
measured on many occasions by a digitalised measuring
scale when the procedure was simulated averaged about 19
gm/cm2. This pressure was much less than a similar
method used by Lynn and Perl (1977b) where there was a
2 .constant force of 250 g.over the thermode area of 96 mm
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Consideration was also given to the physiological aspects
of the subjects particularly with regard to the condition
of the skin. By limiting the sample to subjects of 18-
30 years of age and without any known medical condition,
any discrepancy in the detection and decision factors of
pain perception between the young and elderly was avoided
(Harkins and Chapman, 1976). This ensured the effects of
aging of the skin, if any, would not significantly affect
the experimental results. After the age of forty, the
skin increases in stiffness (Wright, 1971) which may in
part, be due to a reduction in the compressibility of the
cutaneous tissues (Brozek and Kinzey, 1960). Leung,
(1986) cited Montagna and Carlisle stating that in the
aging skin, the epidermis became increasingly flattened
out together with rarefaction of the superficial blood
vessels.
The subjects in this study did not show any evidence of
circulatory problems. Although the skin temperature had
dropped after the removal of the transmission gel, the
first two stimuli ratings were consistent with the
overall ratings. The erythema (after application of the
thermode) due to vasodilatation of the superfical blood
vessels was.only transient. All subjects reported it had
faded after 1 hour. In the determination of stimuli
ratings and pain-thresholds, the state of vasodilatation
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and vasoconstriction of superficial blood vessels should
not affect the outcome of results (Lota, 1965 Wyper,
McNiven and Donnelly, 1976 Croze et al., 1977).
Moreover, other investigators such as, Winklemann (1965)
and Kenshalo, (1986) have reported on changes in the
aging skin leading to decreased sensitivity. Changes
could have started a few years before they become obvious
as in the fifth decade of life. Besides changes to the
epithelial and connective tissues, there may be a
reduction in the number and diameter (Weddell, 1963) of
the peripheral nerves after about age 40.
5.2.1. Comparison of results with other studies.
The selection of therapeutic ultrasound as a modality
for reducing pain has been based principally on clinical
assessments of its effects and on some clinical trials.
Keidel, as cited by Madsen and Gersten (1961) had noted a
rise in pain threshold in man, following ultrasound.
Lehmann et al. (1958) illustrated the analgesic effect of
800 KHz continuous ultrasound at 1.5 W/cm2 intensity.
Their investigation was, in fact, a comparative study of
the pain-reducing effect of ultrasound, microwave and
infra-red irradiation by their common thermal effect.
However, for the first part of this study, the comparison
of thermal ratings as applied in psychophysics was
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carried out, comparing the effects of 3MHz pulsed
ultrasound with that following sham insonation and in the
normal, non-insonated situation. This type of ultrasound
was selected in an attempt to evaluate the non-thermal
effects of ultrasound. The parameters used were almost
similar to those employed by Dyson and Suckling, (1978),
Roche and West (1984) and McDiarmid et al. (1985) in
their investigations. The thermal effects of ultrasound
were not specifically required in those three studies.
As indicated in an earlier pilot study, these parameters
allowed these controlled experiments to be single-blind
since the thermal effects were not significant. The
0.5 W/cm2 pulsed ultrasonic beam used in this study
corresponded to a temporal average intensity of 0.1 W/cm2.
The analgesic effect of pulsed ultrasound In this study
was only mild as indicated by lower stimuli ratings after
ultrasound in most instances. There was not a single
instance when a subject rated `1'- just perceptible
(warmth), nor was there a rating after ultrasound which
turned out to be 3 points lower than after sham
insonation or the non-insonated control. Evidence of the
affective dimension in thermal perception causing an
extreme distribution in the ratings of specific
temperature level stimuli was not evident from the 4
summarised tables (1E, 2E, 3E and 4E), pertaining to each
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temperature level. At the 44.5 and 46.50C levels, the
analgesic effect was more marked than at the 42.5°C
level. As for the 480C stimuli, 10 subjects did not
reach the rating of 17' as opposed to 4 and 3 in the sham
ultrasound and non-insonated groups, respectively. The
difference in the ratings of the ultrasound and the sham
insonated groups at the 42.50C level (p= 0.018 Wilcoxon
Test) was of lesser significance than the ratings at the
other three higher temperature levels. This indicated
that the post-ultrasound ratings were even lower in the
perception of the stimuli at 44.5, 46.5 and 48° C levels.
Pulsed ultrasound may induce an analgesic ettecz Dy zne
interaction of the sound waves with, cellular activities.
This is supported by Dyson (1985), who suggested that
changes in permeability to sodium ions may be responsible
for the altered electrical activity observed in nerves
and muscle, which in turn may be involved in pain-relief
and reduction of muscle spasm. It is also believed that
changes in cellular permeability to calcium ions may
stimulate controlled increase in specific protein
synthesis (Dyson, 1985). This effect would help in the
recovery of cells from injury and indirectly may aid in
pain-reduction.
The amount of heating at the parameters. used snoula not
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have caused an appreciable rise in insonated tissue
temperature (Dyson, 1987). Therefore, in obtaining the
effects of pulsed therapeutic ultrasound, non-thermal
mechanisms must be involved (Wulff et al., 1951 Gersten,
1955 Zankel, 1966 Fyfe and Chahl, 1984 Dyson, 1987).
However, this contrasted from the conclusion drawn by
other workers, such as, Lambert et al. (1951) Lehmann
and Guy, (1972) Currier et al., (1978) Halle et al.,
(1981) and Kramer (1985), that any analgesic effects
obtained stemmed from. the rise in tissue temperature, a
consequence of the thermal effects of ultrasound. Using
relatively high intensity continuous ultrasound, they
found that the NCV was increased associated with higher
temperature in the subcutaneous tissues.
On the contrary, Madsen and Gersten (1961), Zankel
(1966) and Farmer (1968) found a decrease in NCV after
insonation at particular parameters. Young' and Henneman
(1961) focused pulsed ultrasound of 1,150 W/cm2 on the
sciatic nerves of green frogs and found that could
abolish conduction of impulses and irreversibly with
pulse widths of over one second and train lengths of more
than 20 pulses. These differences in results illustrated
the danger of concluding that a decrease in NCV or an
increase in subcutaneous tissue temperature would imply a
decrease in pain perception. The non-thermal mechanisms
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of ultrasound may have induced a reduction in cutaneous
sensitivity by means of their mechanical properties.
However, with the parameters employed, the unwanted
effects, such as localised tissue damage caused by
transient cavitation (ter Haar, 1978 1987 ter Haar and
Daniel, 1981) would have been avoided. Instead, the
beneficial effects of acoustic streaming should induce
safe desirable biological changes. Greater evidence has
been obtained in this important area since Nyborg's
(1985) in- vitro studies.
5.2.2 Possible placebo effect of ultrasouna.
The statistical tests (Wilcoxon Matched-pairs Signed-
ranks Test) at each of the four temperature levels showed
there was no significant difference in the ratings
between the sham insonation and the non-insonated groups.
However, the summarised tables (1E, 2E, 3E and 4E) showed
that there were greater instances of higher ratings for
the non-insonated controls. The lower sham ultrasound
ratings could be due to placebo effect. It has been
suggested that the process of applying ultrasound is
accompanied by a psychological feeling of well-being. As
this study involved normal subjects who have been trained
for the psychophysical task, the subconscious need for a
placebo effect may not be strong. Possibly, the subjects'
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expectations of the ultrasound applications would have
been different from that of patients.
However, from comments by the subjects after the
experiments, probably in a subconscious way, they may
have expected that the ultrasound and sham applications
would cause. some changes in their perception of thermal
stimuli. Such an indirect influence or self-suggestion
could have affected their perception of the intensity of
the stimuli. Moreover, as suggested by Wells (1977b),
patients or subjects may derive a great deal of benefit
merely from receiving the care and attention of people in
whom they have some confidence. This could be related to
Beecher's, (1957) study on the effectiveness of placebos
in conditions such as, post-surgical pains. He found 35%
of patients reported marked relief of pain after being
given a placebo. Lasagna and Beecher (1954), found the
placebo effect was greater (57%) in patients with slight
to moderate pain as compared to 21% in the severe-to-
very-severe group. A placebo may reduce anxiety and make
the person think that something is being done to
alleviate his problem, thus influencing cognitive
processes (Benson and Epstein, 1975). Unlike Lasagna and
Beecher (1954), Evans (1974) in his study of factors
involving placebos, found that they are more effective
for patients under severe pain, great stress or anxiety
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than for those who have only mild pain. This finding was
in agreement with the results of Beecher's (1957) study.
A reduction of anxiety may account for some of the
placebo effect (McGlasham, Evans and Orne, 1969). A
lowered perception of pain brought about by a placebo may
be associated with changes in plasma beta-endorphins
(Hargreaves, Dione and Mueller, 1983). El Hag, Coghlan,
Christmas, Harvey and Harris (1985) found that ultrasound
could have contributed concurrent placebo effect in-their
study with oral surgical patients. It would seem
reasonable to assume that in this study, the sham
insonation, which was not obviously perceivable, would
produce only a mild placebo effect. But this may not be
so, as the contrary was observed in a study by Lynn and
Perl (1977a). They found that acupuncture, which has
been observed extensively for its accompanying placebo
effects had failed to produce localised analgesia. With
briefing and training, the subjects in the present study
should not have had a high element of anxiety. Therefore,
it was unlikely that the placebo effect would be marked
in these subjects
5.2.3 Comparison of heat- pain tQlerance.
The mean duration to the point of heat- pain tolerance
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with 480C stimuli (in this study) after ultrasound, sham
insonation and the non-insonated control were 7.69 s,
6.43 s and 6.49 s respectively. The type of ultrasound
used certainly increased the duration of heat- pain
tolerance significantly. The likely mechanisms involved
could not have been solely dependent on the heating
effect as a result of the absorption of ultrasound
energy. This is because the parameters used would not
have caused a significant rise in the cellular
temperature. The thermal effects should not have masked
the non-thermal effects completely (Dyson, 1982). Even
Lehmann and Guy (1972) had to conclude that apart from
thermal effects, possibly the ultrasonically -induced
process of acceleration of diffusion across biologic
membranes would be beneficial.
Effects of ultrasound at cellular level which are brought
about by non-thermal mechanisms include acoustic
streaming, microstreaming, cavitation and changes
associated with standing waves. Williams (1974) had
shown that microstreaming could release serotonin from
human platelets. Also on the vascular system, Dyson
(1973), in connection with her investigations on the
effect of ultrasound on blood flow in the chick embryo,
found that blood cells formed into bands at half-
wavelength intervals and were separated by clear plasma.
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When the blood vessels laid parallel to the direction of
the ultrasound, complete stasis was induced but the
situation could be reversible.
This phenomenom should not have occurred in this stuay as
the ultrasound head was moved continuously at a speed of
2 cm/s. The. unidirectional movement induced by the
propagating ultrasound field is known as acoustic
streaming. Stable cavitation or the oscillation of
bubbles in the ultrasonic field, in line with the varying
pressure may contribute to the pain- reducing effect.
The oscillating bubbles set the fluid around them into
motion and is termed acoustic microstreaming. The
combined effects of acoustic' streaming, cavitation and
microstreaming would possibly have caused the observed
effect of ultrasound. Dyson, (1982) cited Nyborg and
others in stating that rotation of intracellular
particles and effects on the plasma membrane are due to
acoustic streaming and microstreaming. The amount
contributed by these three mechanisms towards
ultrasound's- analgesic effect, individually or
collectively is difficult to quantify. But, these
micromechanical effects may well assist in relieving
stasis and oedema (Patrick, 1987) in an inflammatory
situation if the correct parameters of ultrasound is
applied.
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Wells (1977b), referring to 1 MHz ultrasound, stated that.
ultrasound irradiation may become less damaging when the
interval between the pulses is increased, even when the
pulse duration is increased. Since the ultrasound beam
in this study, was pulsed at 2 ms `on' and 8 ms. 'off',
the effect on the cellular membranes and subsequently, on
the organelles should not have been excessive. The
increased transport of calcium ions across cell membrane
and its consequent effect on mast cells degranulation
(Dyson, 1987 Fyfe and Chahl, 1982) may cause other
activities, beside production of histamine. Baker
(1972), working on the 'transport and metabolism of
calcium ions in nerve, stated that an increase in
intracellular calcium results in dramatic and specific
increase in the permeability to potassium ions. This
would lead to changes in neuronal activity under
physiological conditions.
Forster and Palastanga (1986) suggested the possibility
of the analgesic effect of ultrasound in terms of the
pain-gate theory. They suggested that pain relief may be
achieved by stimulation of mechanoreceptors in the
insonated tissues which then have its effect on the
spinal cord dorsal horn cells. Future studies may be
able to substantiate this suggestion. However, with
respect to neurotransmitters., if endorphins contribute to
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pain modulation, they may not be exclusive. There is a
good deal of evidence that norepinephrine and serotonin
also play a role (Levine, 1984). They may form part of a
new class of centrally acting analgesic agents. This is
a possibility as substance P, found in distal branches
and free nerve endings of the skin (Nicholl, 1980
Terenius, 1981) have some of their central branches
terminate mainly in the dorsal horn of the spinal cord.
As innervation of this area of the dorsal horn is very
dense, it is highy likely that central modulation of
afferent nociceptive stimuli will occur.
5.2.4. Comparing heat-pain thresholds.
Lehmann compared heat-pain thresholds after ultrasound
and mock-insonation.They obtained very high heat-pain
thresholds of the part after insonation (52.0°C) and
after sham ultrasound (51.2°C). These heat-pain
thresholds were much higher than those obtained from the
present study, which range from 43.3- 46.80C (x=44.96°C)
following ultrasound and from 43.2- 46.8°C (x=44.76°C)
after mock-insonation. The results of this study are
close to Wertheimer and Ward's (1952) findings, which
ranged between 44.1- 44.90C. Lehmann et al. (1958) had
tried to explain the discrepancy between their findings
and those of Wertheimer and Ward's by attributing it to a
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slight variation in the methods of measurement of the two
studies. The explanation seemed inadequate as the
difference between the results of the two studies was
considerable. Moreover, the environment for Lehmann's
(1958) experiment. was in a bath of water, at 35°C.
Control factors of the psychological. disposition of the
subjects and. evidence of training sessions were not
mentioned. Consequently, the actual determination of the
pain thresholds may have been complicated by other
psychological and physiological processes. In terms of
research methodology, Lehmann's experiment could not have
been single-blind as the subjects may have perceived
greater warmth on the insonated side since continuous
ultrasound of 1.5 W/cm2 intensity was involved.
Croze et.al. (1977) obtained the mean conducted heat-pain
threshold of their subjects as 480C whilst the lowest
reading was 44.2°C. In studies by Hardy, Goodell and
Wolff (1951), the mean heat-pain threshold was 47.10C.
Both these studies were actually measuring heat-pain
threshold in the normal, non-insonated situation.
Although there were discrepancies in the experimental
methodology between Hardy's and Lehmann's studies, still,
Hardy's mean heat pain thresholds did not even reach the
490 C level. Lynn and Perl (1977b) obtained heat-pain
thresholds from three regions of the body of normal
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subjects. These ranged from just over 43°C to just under
470C. Meyer and Campbell (1981) investigated the
responses of C and A fibre nociceptive afferents in
monkeys and human subjects. They found the intensity of
thermal pain was coded by C fibre nociceptive afferents
near pain threshold (43- 48°C) on glabrous skin of the
uninjured hand.
In this study, the very slight increase in the subjects'
mean heat-pain threshold (44.9°C), following ultrasound
indicated the analgesic effect affected the pain
threshold only very mildly. The heat stimulus involved
was at 420C for 12 seconds, followed by a ramp to 48°C.
Under normal circumstances, Robrinson et al. (1983)
explained that warm receptors responding to stimuli with
base temperature of around 40°C, have an increased
sensitivity to small rather than large temperature
• r
increments. After the initial drop in skin temperature,
on contact of the stimulator probe with the skin, the
subsequent rise may cause C mechano-heat receptors to
respond in a rapidly adapting manner. It .may be
possible that ultrasound had increased the sensitivity
of these receptors. With the large temperature rise
of the stimulus, from 42 to 48°C., the threshold for
heat-pain should have been less sensitive and therefore
hihPr than the 44.90C obtained. The range of heat-
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pain thresholds obtained from this study fell within the
ranges of commonly accepted physiological studies. (Some
of these have already been mentioned). From a
psychophysics view-point, this may be due to the training
provided and hence, more precise judgement of the pain-
thresholds by the subjects.
5.2.5. Differences of physique among the sun]eczs.
The data necessary for calculating the percentage of
body fat were obtained. Since 3 MHz ultrasound was
employed, about half the acoustic energy should have been
absorbed in the superficial 25 mm of the tissues (ter
Haar, 1978). The greatest biological effects should have
occurred in the skin and subcutaneous tissues. The
ranges of the percentage of body-fat of subjects in both
experiments were similar (Table 10, p.*150). However,
the mean percentages were 14.87% (S.D. 3.44) and 15.69%
(S.D. 3.68) for the subjects of Experiment 1 and 2,
respectively. This indicate that with such a small
standard deviation, about two-thirds of the subjects were
very similar in terms of the percentage of body-fat. For
3 MHz ultrasound, the half-value depth (D1/2) for adipose
tissue is 16.5 mm and for skin, it is 4 mm. (Appendix
(viii)). It would appear that the ultrasonic effects are
greatest in the skin. This may suggest a possible reason
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for the no correlation between percentage of body-fat
and the ratings in Experiment 1. A similar trend of no
correlation was observed from the data on girth of the
forearms between the epicondyles of the humerus and the




This study has managed to use as objective measures as
was possible to evaluate the perception of warm and heat
nociceptive- stimuli following therapeutic ultrasound of
particular parameters. There was full co-operation from
the subjects and the methodology had controlled
extraneous variables as far as possible. Ratings-of the
12 s stimuli, heat-pain threshold and tolerance were
determined. In order to assess the analgesic effects of
ultrasound, the arithmetic means of the ratings, pain
thresholds and tolerance from the ultrasound and sham
insonation groups were compared. Likewise, by comparing
the sham ultrasound and the non-insonated groups, it was
possible to evaluate the placebo effect accompanying
ultrasound. The resultant differences between the
ultrasound and non-insonated control groups can be
interpreted as the effects of ultrasound and the placebo,
if present.
A 7-point category verbal rating scale (VRS) was the
instrument used for rating randomised thermal stimuli of
four temperature levels. It was modified from the 6
point scale, used by Gybels et al. (1979). For
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statistical analysis, the VRS can be assumed to be an
ordinal scale. With regard to its limitations, the VRS
restricts the subject's choice of words. The words used
in the rating scale may not represent warm and heat-pain
precisely (Deschamps, 1988) for every subject. This
disadvantage was compensated largely by training which
enabled the subjects to rate more consistently.
Moreover, this VRS was easier for the subjects to follow
than the complex McGill Pain Questionnaire. The latter
evaluates the sensory, affective and evaluative
dimensions of pain (Melzack, 1983a), but it is too time-
consuming. Although the VAS can be thought of as having
a continuum of measurement, the ratings in this study
involved more than one dimension of sensation. It may be
difficult for a subject to relate his perception to a
point on the VAS, hence, it was not selected as the
measuring instrument for this study.
Therefore, till a more objective method is available for
warmth and nociceptive pain evaluation,. the VRS offers
the advantages of an ordinal scale. However, the
description for each point or category must be succinct
and clearly understood by all the subjects. The
selection of appropriate words-is dependent on the
cultural background of the subjects. In this relatively
homogenous sample of subjects, it was still necessary to
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explain the meaning and implications of the VRS.
The accuracy of the results of the experiments depended
highly on the physical, physiological and psychological
dispositions of the subjects. The study intentionally
excluded older subjects as elderly subjects were
significantly less sensitive to some sensory modalities
(Kenshalo, 1977). It was ensured that all the subjects
did not have any of the conditions which would
contraindicate the application of ultrasound as stated by
Oakley (1978), Wadsworth and Chanmugam (1980) and many
other writers. Please refer to Appendix (viii). It was
not suprising that the range and standard deviation in
nearly all the sets of results were small especially in
the heat-pain thresholds as extraneous variables were
carefully limited. The heat-pain thresholds from this
investigation were close to the findings of other
studies.
From the subjects' responses to the thermal stimuli, the
mild analgesic effect was already apparent at 5 minutes
after insonation. Koppel (1956) using a purpose-built
600 mm Hg manometer as his pain-threshold measuring
instrument, found the analgesic effect after insonation
was of a greater degree than that produced by other
modalities. However, the post-ultrasound effect fell
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sharply although some analgesia was still retained after
four hours. On the contrary, Fyfe and Chahl (1985)
described effects of ultrasound as lasting up to 96
hours but stimuli ratings were not included in the study.
Koppel's study which was performed over 30 years ago,
took only one set of measurements of pain-thresholds.
Future studies are required to assess the duration of
reduced perception by testing with more sets of the
stimuli employed for greater reliability of results.
Attention has to be paid, though, to the possibility of
sensitization of cutaneous receptors with repeated
testing (Perl, 1976 Meyer and Campbell, 1981).
The absorption of the 3 MHz'' ultrasound energy would be
mainly by the cutaneous components of the insonated part.
Since the half-value depth was approximately 2.5 cm
( Hoogland, 1986), the cutaneous sensory receptors should
have received the most ultrasound. Attenuation in the
forms of reflection and refraction would have taken place
at the various interfaces from the epithelium to the
deeper tissues (Griffin and Karselis, 1982). In the
treatment of acute injuries, the analgesia produced by
ultrasound may be mediated through its effect on the
cutaneous nerve endings, which in turn may cause
analgesic changes to the deeper tissues innervated by
the same nerve. Wei et al. (1984) had shown this with
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reference to the Superficial Radial Nerve, whose-
nociceptive fibres appear also to innervate deeper
tissues. However, a limitation of this study was the
inability to quantify the amount of acoustic energy
absorbed by the individual or groups of cutaneous
receptors in relation to the subject's perception.
The mechanical movement of the ultrasound head would have
stimulated skin mechanoreceptors, which project to the
spinal cord's dorsal horn by group II fibres (Zimmerman,
1976). LeBars and Chitour's (1983) animal
experimentation led them to conclude that besides
mechanoreceptors, nociceptors also have convergent
neurones in the dorsal horn. 'They are believed to play a
major role in the spinal transmission of nociceptive
information to the higher centres. These neurones could
be influenced by converging excitatory and inhibitory
mechanisms in a manner which can be related to clinical
observations. The ultrasound direct contact method may
have caused the mechanoreceptors to discharge and summate
temporally and spatially so that possibly, there was
central inhibition leading to decreased nociceptive
perception. Kramer, (1985) suggested that the decreased
sensitivity after pulsed ultrasound was only due to the
cooling effect of the transmission gel. This explanation
could not be applied to this study as both ultrasound and
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sham insonated patients had undergone the same
method. There were significantly different results
between the two groups and the decreased sensitivity
applied only to heat perception on the insonated side.
With regard to the intensity used, the result was in line
with the findings of Lota (1965), that continuous
ultrasound of 0.5 W/cm2 did not cause any significant
changes in the total blood flow and temperature
recordings of the skin.
Besides, the manner of applying the heat stimuli with an
interstimulus break of 3 minutes did not appear to have
affected the local vascular situation. Moreover, it was
found by Croze et al. (1977), that'the perception of heat
stimuli was not affected by small variations in the skin
temperature. The random application of the thermal
stimuli also ensured the results were accurate.
In conclusion, although a decreased NCV or an increase in
subcutaneous tissue temperature have been offered by some
investigators, as possible reasons for the reduced
cutaneous sensitivity following the absorption and
interaction of acoustic energy, other non-thermal
mechanisms are also likely to contribute to this effect.
The mild analgesia may be a consequence of cellular
activities mediated by perturbation of the cellular
179
membrane. The role of calcium ions and the products of
degranulation of mast cells and activities of other
cellular organelles may well be responsible for the
observed effects. Thus, it would be unwise to apply high
intensity ultrasound for the sake that neural tissues
would absorb more acoustic energy.- Szumski (1966) has
alerted investigators of the possibility of damage to the
function of peripheral nerves as a result of their high
absorption capacity.
It is recommended that future studies in this area
involve double-blind experiments. The single-blind
experiments of this study might unknowingly have carried
the possible element of bias on the part of the
investigator. Another consideration would be a shorter
duration for the main part of the experiment. The
interstimulus time could be reduced by-using a Peltier-
type thermode, as described by Kenshalo and Bergen
(1975). Controlled clinical trials using a variety of
parameters should be carried out to determine the optimum
means for effective ultrasound treatments, where pain-
relief is desirable.
On the clinical aspect, the findings of these
experiments show that the mild analgesic effect of low
intensity 3 MHz pulsed ultrasound occurred almost
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immediately as the ratings of the thermal stimuli were
started about 5 minutes after insonation. Therefore, it
is suggested when appropriate, a patient should be
treated with ultrasound as soon as possible, especially
after the onset of superficial pain brought about by
trauma. Since localised oedema as part of the consequent
inflammatory process resulting from trauma may
contribute to pain, the mechanisms of ultrasound are
believed to effect changes to the organelle activities
in the cells and possibly accelerate the process of
healing (Fyfe and Bullock, 1985). The non-thermal
mechanisms should at least partially be responsible for
this effect as with the parameters involved (in this











Thank you for attending this session. The purpose is so that I can
explain the research procedures and to clarify any points you may wish to
bring up.
Before participating in this study, please familiarize yourself with the
following:
1. There will be 3 short training session of about 10 minutes each, prior
to the study for you to be familiar with the rating scale for heat
perception.
2. On the day of the study, please allow yourself sufficient time to get
here so that you would be relaxed and ready for the study.
3. Make sure you are not hungry before the commencement of the study.
4. It would be best for you not to have eaten a heavy meal in the 3-4
hours before the study. If you need to, please ensure it is at least two
hours before the study.
5. You should have had a normal night's sleep on the night before the
study. If otherwise, please inform me. I
6. If you feel very tired or unwell due to any reason, please inform me
before the study.
7. Please read the consent form. If you have any queries, I will be
pleased to answer them.









Thank you for attending this session. The purpose is so that I can
explain the research procedures and to clarify any points you may wish to
bring up. The aim of this experiment is to determine your heat-pain threshold
as accurately as possible.
Before participating in this study, please familiarize yourself with the
following:
1. 'T'here will be 3 short training session of about 10 minutes each, prior
to the study for you to be familiar with the heat-pain threshold.
2. On the day of the study, please allow yourself sufficient time to get
here so that you would be relaxed and ready for the study.
3. Make sure you are not hungry before thip commencement of the study.
4. It would be best for you not to have eaten a heavy meal in the 3-4
hours before the study. If you need to, please ensure it is at least two
hours before the study.
5. You should have had a normal night's sleep on the night before the
study. If otherwise, please inform me.
6. If you feel very tired or unwell due to any reason, please inform me
before the study.
7. Please read the consent form. If you have any queries, I will be
pleased to answer them.
Once again, very many thanks for your kind cooperation.
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Appendix (ii) a
THERMAL PERCEPTION ASSOCIATED WITH
THERAPEUTIC ULTRASOUND STUDY
(Experiment 1)
- freely and voluntarily consent to1.
participate in the above researcn project.
I understand that therapeutic ultrasound is used extensively in physiotherapy
for a variety of conditions. The dosages of ultrasound applied to my forearms
are safely within therapeutic limits and there should be no lasting effects
after its application. The heat stimuli to the forearms are for me to rate the
thermal perception. A thorough description of the procedure has been
explained to me and I understand that the whole study is non-invasive.
I have been informed that I may withdraw my consent and discontinue
participation in this research without prejudice to me.
Questions from me, pertaining to this research have been answered to my
satisfaction. I have read and understand the contents of this form and have




I have explained in detail the research procedure in which the participant has





THERMAL PERCEPTION ASSOCIATED WITH
THERAPEUTIC ULTRASOUND STUDY
(Experiment 2)
freely and voluntarily consent toI.
participate in the above research project.
I understand that therapeutic ultrasound is used extensively in physiotherapy
for a variety of conditions. The dosages of ultrasound applied to my forearms
are safely within therapeutic limits and there should be no lasting effects
after its application. The heat stimuli to the forearms are for me to
determine the heat-pain threshold thermal perception. A thorough description
of the procedure has been explained to me and I understand that the whole
study is non-invasive.
I have been informed that I may withdraw my consent and discontinue
participation in this research without prejudice to me.
Questions from me, pertaining to this research have been answered to my
satisfaction. I have read and understand the contents of this form and have




I have explained in detail the research procedure in which the participant has







Many thanks for agreeing to participate in my research project. Your
appointment with me is on:
at
in
The subsequent appointments 'are on:-
C. Webb
Appendix (iv)
THRU MAI. PRRTRPTION ASSOC!! ATF.n WITH IJI.TR ASOIIND STUDY
(Experiment 1)
Part A
Name : Sex :
Age : years months
Body weight : . kS
Skinfold (Body fat) :
Height m cn
Any medical conditior Yes No
(if Yes, please stab
Skin condition (forearms)
a. any skin disease '
















Room Temperature : °C °C _°C
. Hum id i ty : _ 96 %











Girth F cm nr
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16. Thermal ratings :





















THERMAL PERCEPTION ASSOCIATED WITH ULTRASOUND STUDY
(Experiment 2)
Part A
Name : Sex :
Age : years months
Body weight kg









Any medical condition Yes No
(if Yes, please state
Skin condition (forearms)
a. any skin disease ?
















Hum id i ty :











Girth s R cm cm
L cm cm























Duration : R L












4. Moderately hot, (slightly stinging).
邇量熱嬴，輕傲金十剌
5. Hot, (clearly stinging).
熱，站激么十到
6. Very hot, painful, tolerable.
3
7. Very hot, painful, intolerable.
十分熱，痛〖不芴思曼
AnnpnHi y
Skin-fold Testing fop Dercentaere of bodv-fat
There are various methods for determining human body composition including
the underwater weighing technique. Skin-fold calipers, electrical conductivity
and the use of ultrasound have been used by Booth et al. (1966) to compare the
measurement of fat thickness. Skin-fold measurements of selected
anatomical sites provide an indication of skin-fold thickness. Measurements
by a skin-fold caliper is possibly the simplest, most convenient and widely
used method. The caliper should have the same tension throughout its range
of motion. Calibration of the caliper should be carried out at frequent
intervals to ensure its accuracy is maintained.
The sites commonly selected for skin-fold measurements include the vertical
abdominal suprailiac, subscapular, chest, axilla, tricpes, biceps and thigh
folds. In this study the four sites used were the subscapular, suprailiac,
triceps biceps skin-folds.
Triceps fold : this was obtained vertically on the posterior midline of the arm,
which is over the triceps muscle. The measurement is taken at the mid-point
between the acromion the olecranon processes with the elbow extended and
rplflvpii.
Biceps fold : a vertical fold on the anterior midline of the relaxed extended
arm, i way between the acromion process and the elbow joint.
Subscapular fold : this is obtained diagonally in a line extending from the
vertebral border of the scapular to a pointabout 1 to 2 cm away from its
inferior angle.
Suprailiac fold : measured on a diagonal fold just above the crest of the ilium
at the point where an imaginary line would descend from the anterior axillary
line.
Repeated practice on taking skin-fold measurements was carried out by the
investigator before the commencement of the experiments. With practice,
the location and size of the skin-fold were consistently obtained. The skin¬
fold was grasped firmly by the pads of the thumb and the index finger. This is
followed by allowing the caliper to grip on the skin-fold which is slowly
released so that full tension is applied on the skin-fold. At last 2
measurements were taken at each of the 4 sites. If the second measurement
varied from the 1st by more than 1 mm, a 3rd one was taken. The sum of
these 4 skin-fold measurements was read off the percentage of body fat table






























Percentage of fat for sum of measurements at all four locations (Durnin and
Womersley, 1974).
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Appendix (viii)
THERAPEUTIC ULTRASOUND
1. The principle of the therapeutic ultrasound equipment (Sonopuls 434)
used in this study is illustrated by the following block diagram.









The Principle of Ultrasound Equipment
2. The Absorption and Transmission of Ultrasound
Biological effects can be expected to occur if the ultrasonic energy is
absorbed by the tissues as the beam penetrates into the body. The
absorption of acoustic energy by the different types of tissue varies. A
measure of the absorption in various media is the absorption coefficient
(a), which is frequency-dependent. The absorption coefficient together
with the reflection at the tissue interfaces determine the distribution of
ultrasound in the insonated part. The formula for calculating the
intensitv of ultrasonic enercrv at a certain deDth is
the intensity in Wcm at a depth x in cm
the intensity in Wcm at the surface of the body,
but IN the body tissue
2.7 (base of natural logarithms)
absorption coefficient (cm )
Table (viii)a The Absorption Coefficient of various media (a) at
1 MHz and 3 MHz ultrasound. (Modified from
Hoogland, 1986)
Medium Absorption coefficient (a





































The half-value depth (D12) is the distance in the direction of the
ultrasonic beam whereby the acoustic energy in that medium has been
reduced to half its intensity.
The formula for calculating the half-value depth (Dl2) is
Dl2 = 0.69a
Table (viii)b The half-value depth (Dl2)' for 1 MHz and 3 MHz




































4. The following conditions and anatomical parts should not be treated with
Ultrasound or should be carried out with extreme caution.
(a) Delicatespecialised organs and tissues.
Eyes - High doses could harm the optic nerve and there is danger of
cavitation in the fluid.
Reproductive organs (ovaries and testes) and the pregnant uterus.
Therapeutic insonation might produce foetal damage. (Ultrasonic
scanning of the uterus is different).
Abdominal organs - They contain gas and there is a danger of
reflection of the ultrasonic waves which may give rise to a burn.
Brain and spinal cord - High intensity ultrasound will produce
irreversible changes in nerve cells and nerve tracts.
(b) Tumours, acute infections or sepsis.
Ultrasound may stimulate the growth of tumours and quicken
metastases and could spread infection.
(c) Patients undergoing deep X-ray therapy or radium isotopes.
Thev have impaired sensations and are sensitised to ultrasound.
(d) Deep vein thrombosis or arterial disease.
Insonation may cause an embolus or a further thrombus to form.
(e) Cardiac disease and patients with pacemakers.
Should not be treated in the area of the chest, cervical ganglion
and the vagus nerve because of the risk of cardiac stimulation.
The ultrasonic generator may have an effect on the pacemaker's
rate of stimulation.
(f) Haemophilia.
Insonation may possibly produce more bleeding.
(g) Tuberculosis of the lungs or bone.
The condition could be aggravated by ultrasound.
(h) Areas of impaired sensation or anaesthesia may be treated with
low intensity ultrasound and with great care;
References :
Wadsworth, H. and Chanmugam, A.P.P. (1983). Electrophysical agents in
Physiotherapy. (2nd. ed.) Science Press, Australia.
Forster, F. and Palastanga, N.(1986). Clayton's Electrotherapy (9th.
ed.). Balliere Tindall, London.
Hoogland, R. Ultrasound therapy (1986). Enraf-Nonius Delft, Holland.
Appendix (ix)
DELFT • SOLINGEN • PARIS • LONDON - NEW YORK • COPENHAGEN
B.V. ENRAF-NONIUS DELFT









Del ft, April 21 , 1987
Dear Mrs Webb,
From our agent in Hong Kong (Jardine Danby Ltd) we received a copy of your
letter dated March 21.
Your questions in this letter we would like to answer as follows:
1. First we test p.c.boards with automatic test equipment (ATE). From all
PC-boards every single component is tested after it is mounted on the
PC-board. We test whether all components are mounted, whether they have
the right value and are not out of tolerance.
This is done not only for resistors, capacitors, coils, diodes and
transistors, but also for all integrated circuits. After these tests we do
functional tests on parts of the PC-board. There is a test to check whether
the oscillator is on the right frequency and whether the output stage can
deliver sufficient power. We also test whether the circuitry that is
measuring the current through the applicator is working properly over its
entire rarrge.
After the PC-boards have passed these tests on the ATE, they are mounted
into a case to get one of the three machines (Sonopuls 434, 463 and 464).
Each machine is now tested with a Kontrol test computer.
Now the machine is calibrated for maximum ultrasonic output power.
When this is done we know the machine is also able to measure the current
through the applicator in the right way, because the PC-board also passed
the ATE test (where the current measuring circuit is thoroughly tested), we
are now sure the machine can measure the correct ultrasonic output power
over its entire range.
2. We use a special powermeter designed by Enraf-Nonius. It consists of an
accurate digital balance and a pointed tank which is covered with ultra¬
sound absorbent rubber. The digital balance has an accuracy of + 1 mg.
(drawing is attached).
We designed this special powermeter because commercial available meters
are unable to measure the output power of the small heads.
,H 015-698500- Rontgenweg1, 2624BDDelft - Telex38083- CablesEnral - NoniusDelft - Telefax015-619574
Giro rek. 2 48 52, Chamberof commerce,Delft, reg. no. 2988
Algernon©BankNederlandN.V., DenHaag,acc. no. 511633084
Amsterdam-RotterdamBankN.V., Delft, acc. no. 44 2020201
P. vanLanschot,DenHaag.acc. no. 22 52 60 379
3. As long as the machine passes its self-check and the contactcontrol-lamps
go out, the unit works properly.
The duration is mainly limited by inproper use of the heads.
4. When proper used there is no limitation in time.
With regard to Sonogel:
1. We don't now exactly the chemical components because we don't manufacture
Sonogel ourselves.
2. Nearly 100% is transmitted because Sonogel behaves like a membrane.
The filmlayer of gel is small compared to the wavelength.
With regard to ultrasound, we can inform you that our production facilities
and productiontesting methods have been GMP (Good Manufacturing Praxis)
tested by FDA (USA) and DHSS (UK).
Mrs Webb, we hope to have answered your questions as demanded, if not, don't




ref.: ing K.J. Wagenaar
product manager
cc Jardine Dany Ltd
Gaby Naumann










Raw Data of some body measurements from Experiment 1 taken
at the start of the first experimental session.
















24.617.4 166 25.96315 24.8




Body-wt. Body-fat Height Girth (R) G irth (L)Subj. Age















Girth (R) and Girth (L) refer to the circumference of the
respective forearms at the level between the medial and
lateral epicondyles of humerus (the mean of two
measurements are presented in the table). The percentage




Table 1: Raw data of the ratings of stimuli at 42.5°C.
ShamSubj. Ultrasound Ctrl. (US) Ctrl. (Sh)










33 3 33 3310 3
44 4 544 4411
4 4 5 45 43412
3 4 3 4 344413
3 3 3 3 3 33314
3 2 3 24 3315 3
33 3 4 3 33 316
33 3 33 317 3 3
























Table 2: Raw data of ratings of stimuli at 44.5 C.
ShamSubj. Ultrasound Ctrl (US) Ctrl. (Sh)
2nd. 1st. 2nd1st,1st. 2nd.2nd.1st.













4 44 45 43414
3 34 43 33415
45 4 5553416
4 33 4 333317_
32 3 3 33218 .2
4• 65 666 519
455 5 455 420
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Table 2 (continued).














Table 3: Raw data of ratings of stimuli at 46.5°C.









66 765 6 6608




5 44 5 554 413
5 555 555 514
5 44 5 54 4 515
5 5 65 64 4 516
5 5 6 55 6 6517
53 4 5 5 54 418
66 6 6 66 6 619
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Table 3 (continued).
ShamUltrasound Ctrl. (US) Ctrl. (Sh)
2ndSub!. 1st. 1st. 2nd.2nd. 1st. zna.1st.
55 5 5 55 4 520
67. 76 7 6 6721
54 6 6 64 4 522
6 6 66 6 65 523
5 6 56 5 6524 5
6 6 66 6 66 525
66 6 65 4 5 526
6 66 6 6 627 5 5
5 5 44 4 5 4 528
629 6 6 6 6 6 6
6 6 6 6 6 6 6 630
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Appendix (x)d
Table 4: Raw data of ratings of stimuli at 48.0C.
ctrl. (US)ShamSubj. Ultrasound Ctrl. (Sh)
2nd.2nd. 1st.1st. and. 1st. 2nd.1st.
7 76 7 7 7 7 701
7 7 7 7 77 7 702
77 7 7 7 7 7.. 703
7 704 7 7 7 7 7 7
705 7 7 7 7 7 7 7
506 5 6 6 6 66 6
.7
707 6 6 7 7 7
708 7 7 7 7 77 7
7 709 7 77 7 7 7
10 6 7 7 7 7 7 7 7
11 7 7 77 7 7 7 7
612 6 7 7 7 7 7 7
713 7 7 7 7 7 7 7
6 6 614 7 6 6 6 6
7 715 7 7 7 7 7 7
6 716 7 7 7 7 7 7
17 7 7 7 7 7 7 7 7
618 4 7 6 6 6 7 6



















Table 5: Raw data of the duration of stimuli (rated as x7')
in seconds, up to the point of intolerance. (
indicates a rating of 6 or less on the rating scale)
Subj. Ultrasound Sham Control (US) Control (Sh)








































































































































































































Subj. Ultrasound Sham Control (US) Control (Sh)
1st. 2nd. 1st. 2nd. 1st. 2nd. 1st. 2nd
23 5.77 5.85 3.04 4.34 5.34 4.95 4.49 5.04
24 7.27 7.31 5.05 6.10 4.07 7.30 12.0 8.0
25 9.75 6 5.80 7.50 5.65 5.95 5.97 5.95
26 6.42 6.94 3.92 3.80 3.99 3.05 3.85 3.54
27 9.86 10.44 5.28 4.80 5.15 6.55 6.05 4.65
28 6.16 6 6.02 11.50 5.76 9.60 7.48 7.77
29 10.0 8.30 8.27 8.20 8.68 6.94 5.25 5.73
30 7.69 7.46 6.50 7.36 6.36 6.28 6.75 5.73
Sign Test (the time required to reach ratings of 7 at 48°C
after the application of ultrasound and sham ultrasound.)
Case Type
US duration Sham duration
US duration Sham duration





p=0.001. Result: Highly significant longer duration after US.
Sign Test (the time required to reach ratings of ,,7 after
ultrasound and non-insonated controls.)
Case Type
US duration Ctrl duration
US duration Ctrl duration





p=0.003. Result: Highly significant longer duration after US.
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Table 6. Raw data for temperature of heat-pain thresholds.
in °C. (Experiment 2).























Table 7. Raw data on duration of stimuli to heat-pain
threshold following ultrasound, sham ultrasound
and from non-insonated controls. (Experiment 2).
Duration in seconds (after)
ShamUsSubj ect Ctrl (US) Ctrl (Sham)
23.123.123.925.401
19.8 22.025.924.202










20.9 20.6 20.912 19.5
26.6 26.5 27.821.513
20.9 19.4 20.914 21.8
20.115 22.9 25.4 20.4
21.716 21.0 20.7 20.'1
29.4 26.517 24.6 24.8
21.118 20.8 21.0 20.7
22.619 23.5 22.0 22.5
25.620 24.6 24.8 24.7
Appendix (x) h
Table 8A.
Correlation of percentage of body fat and the post-
ultrasound ratings with 42.5°C stimuli.
Spearman Rank Correlation Coefficient with correction for
ties was used to carry out the analysis. Please refer to
Table (x), p. 201 and 202 for the data on percentage of
body-fat and Table 1, p. 203 for the raw data on the
42.5°C ratings after the application of ultrasound (US).
Hypothesis:
Ho - X and Y are mutually independent.
HI - X negatively correlates with Y.























































































































































































































In the ranking of (x), there are 4 groups of ties.
_D =4486.5
3 groups - 2 observations
1 group - 3 observations
216
no. of observations tied for a particular rank.
where t y
Tn tha ranking of Y. there are 5 orouns of ties.ll 1.11C. l Gilifl.iaay vi i j%. .ai v-
1 group- 5 observations
1 group- 4 observations
1 group- 10 observations
1 group- 3 observations
1 group- 7 observations
For any Q( and n= 30, from Table, rS rs (2-tailed)
Therefore, rS is insignificant.
Reference: Daniel, W. W. (1983). Biostatistics: A
foundation for analysis in the Health Sciences (3rd.ed.).
John Wiley Sons, N.Y.
Table P
Critical Values of the Spearman Test Statistic
Approximate Upper-tail Critical Values r, Where P(rs r) a,
n = 4(1)30 Significance Level, a.























































































































































































Note: The correspondinglower-tail critical value for r, is —r.
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Appendix (x) i
When the stimulator (thermode) was applied to the
designated area of the skin, there was a drop in
temperature (see Fig. 4, p. 74) at the stimulator - skin
interface before recovering to the setpoint temperature.
Preliminary work was carried out to see if there was any
pattern between the drop in temperature and the ratings
given by the subject at each temperature level. There
was not an obvious pattern at any of the four temperature
levels. However, it was found that as the drop in
temperature increased, the score of the ratings also
increased but, it was not significant in all the four
temperature levels. The ratings at 46.5°C level has been
selected as an example to illustrate this finding.
Table 3G : The mean of the 1st. and 2nd. stimuli ratings
at 46.5°C ( is the mean of the non-insonated controls)
and their respective mean drop in temperature at the
initial stimulator skin contact.
Subj Ultrasound Sham Control



















































































































































































































The following graph illustrates the distribution of the
means of the initial temperature drop on stimulator -skin
contact for each subject in the three groups. Some
information has been lost by taking the means of the drop
in temperature for each pair of ratings, but this is to
facilitate plotting of the graph at this preliminary
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